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RACTIONATION PROBLEMS ? 


here’s help for you... 


b hen tireless servant in your laboratory will automatically 
collect any number (up to 200) of rigidly controlled samples 
of predetermined fluid volumes. Each collected sample may 
comprise any number of drops from one to four hundred. As 
each separate sampling is completed, the carriage automat- 
ically advances to repeat identical collections consecutively 
until the whole fractionation has been made. 

All you have to do is to set it up for the- conditions of the 
chosen experiment, short or long, and then leave it alone. 
The machine will plod along without attention hour after hour, 
all day (and night) long. When the job’s done, it will shut 
itself off. 

The Technicon Fraction Collector has been thoroughly 
tested in actual laboratory installations, where it has proven 
invaluable to busy research staffs. We shall be happy to send 
you details. 


Ref. Chromatography of Amino Acids on Starch Columns— 
W. H. Stein and S. Moore, Jrnl. Biol. Chem. 176, 337, (1948) 


4 saves time and labor 


relieves laboratory staff of the fretful and time- 
consuming chore of fraction-cutting: releases workers 
for other duties. 


triples work output 


you can run it twenty-four hours a day, continuously, 
to triple fractionation output as compared with an 8 
hour laboratory day. 


4 gives greater resolution 


by collecting a large number of small fractions, 
rather than a few gross ones, you'll get more data 
from a given fractionation, e.g. a chromatogram, or 
a fractional distillation. 


4 assures accuracy 


because the possibility of human error is automati- 
cally ruled out. Now fraction-collection becomes a 
straightforward mechanical procedure. 


CHROMATOGRAPHY CORP., 


NICON 
East 149th Street, 
Icon New York 51, N. Y. 
iled information 
Automatic Fraction Collector 
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The Theory of Open Systems in Physics and Biology 


Ludwig von Bertalanffy 
Department of Biology, University of Ottawa 


ROM THE PHYSICAL POINT OF VIEW, 
the characteristic state of the living organism 
is that of an open system. A system is closed 
if no material enters or leaves it; it is open if 

there is import and export and, therefore, change of 
the components. Living systems are open systems, 
maintaining themselves in exchange of materials with 
environment, and in continuous building up and break- 
ing down of their components. 

So far, physics and physical chemistry have been 
concerned almost exclusively with processes in closed 
reaction systems, leading to chemical equilibria. 
Chemical equilibria are found also in partial systems 
of the living organism—for example, the equilibrium 
between hemoglobin, oxyhemoglobin, and oxygen upon 
which oxygen transport by blood is based. The cell 
and the organism as a whole, however, do not com- 
prise a closed system, and are never in true equi- 
librium, but in a steady state. We need, therefore, 
an extension and generalization of the principles of 
physics and physical chemistry, complementing the 
usual theory of reactions and equilibria in closed 
systems, and dealing with open systems, their steady 
states, and the principles governing them. 

Though it is usual to speak of the organism as a 
“dynamie equilibrium,” only in recent years has theo- 
retical and experimental investigation of open sys- 
tems and steady states begun. The conception of the 
organism as an open system has been advanced by 
von Bertalanffy since 1932, and general kinetic prin- 
ciples and their biological implications have been de- 
veloped (4,6). In German literature, Dehlinger and 
Wertz (15), Bavink (1), Skrabal (31), and others 
have extended these conceptions. A basically similar 
treatment was given by Burton (12). The paper of 
Reiner and Spiegelman (28) seems to have been in- 
spired by conversations of the present author with 
Reiner in 1937-38. Starting from problems of tech- 
nological chemistry, the comparison of efficiency in 
batch and continuous reaction systems, Denbigh (16) 
has also developed the kinetics of open reaction sys- 
tems. The mest important recent work is the ther- 
modynamies of open systems by Prigogine (25, 26). 

In physics, the theory of open systems leads to 
fundamentally new principles. It is indeed the more 
general theory, the restriction of kinetics and thermo- 
dynamies to closed systems concerning only a rather 


special case. In biology, it first of all accounts for 
many characteristics of living systems that have ap- 
peared to be in contradiction to the laws of physics, 
and have been considered hitherto as vitalistie fea- 
tures. Second, the consideration of organisms as 
open systems yields quantitative laws of important 
biological phenomena. So far, the consequences of 
the theory have been developed especiaily in respect 
to biological problems, but the concept will be im- 
portant for other fields too, such as industrial chem- 
istry and meteorology. 


GENERAL CHARACTERISTICS OF OPEN SYSTEMS 


Some peculiarities of open reaction systems are 
obvious. A closed system must, according to the 
second law of thermodynamics, eventually attain a 
time-independent equilibrium state, with maximum 
entropy and minimum free energy, where the ratio 
between its phases remains constant. An open sys- 
tem may attain (certain conditions presupposed) a 
time-independent state where the system remains con- 
stant as a whole and in its phases, though there is a 
continuous flow of the component materials. This is 
called a steady state.1 Chemical equilibria are based 
upon reversible reactions. Steady states are irrevers- 
ible as a whole, and individual reactions concerned 
may be irreversible as well. A closed system in equi- 
librium does not need energy for its preservation, nor 
ean energy be obtained from it. To perform work, 
however, the system must be, not in equilibrium, but 
tending to attain it. And to go on this way, the sys- 
tem must maintain a steady state. Therefore, the 
character of an open system is the necessary con- 
dition for the continuous working capacity of the 
organism. 

To define open systems, we may use a general trans- 
port equation. Let Q; be a measure of the i-th ele- 
ment of the system, e.g., a concentration or energy 
in a system of simultaneous equations. Its variation 
may be expressed by: 

(1) 
ot 

P; is the rate of production or destruction of the 
element Q; at a certain point of space; it will have 
the form of a reaction equation. YT; represents the 


1In German, the term Fliessgleichgewicht was introduced 
by von Bertalanffy. 
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velocity of transport of Q; at that point of space; in 
the simplest case, the 7; will be expressed by Fick’s 
diffusion equation. A system defined by the system of 
equations (1) may have three kinds of solutions. 
First, there may be unlimited increase of the Q’s; 
second, a time-independent steady state may be 
reached; third, there may be periodic solutions. In 
the case that a steady state is reached, the time-inde- 
pendent equation: 

T,+P;=0 (2) 


must hold for a time t40. If both members are 
linear in the Q; and independent of ¢, the solution is 
of the form: 

Qi=Qi(2,y,2) + 2,¢t), (3) 
where Q;. is a function of time decreasing to 0 for 
certain limiting conditions. 

We may consider the following simple case of an 
open system (4,6). Let there be a transport of mate- 
rial a, into the system which is proportional to the dif- 
ference between its concentrations X outside and z, in- 
side (X-z,). This imported material may form, in 
a monomolecular and reversible reaction, a compound 
a, of concentration z,. On the other hand, the sub- 
stance a, may be catabolized, in an irreversible reac- 
tion, into a;, And a; may be removed from the sys- 
tem, proportional to its concentration z,. Then we 
have the following system of reactions: 


K 
>a, a, 
k, ke 


outflow 
and equations: 


d 


dt (-K-k,-k,) + k,2,+KX 
(4) 


Solving these equations for the steady state by 
equating to 0 we obtain that: 

(5) 
Immediately we see some interesting consequences. 
First, the composition of the system in the steady 
state remains constant, though the ratio of the com- 
ponents is not based upon a chemical equilibrium of 
reversible reactions, but the reactions are going on and 
are, in part, irreversible. Second, the steady state 
ratio of the components depends only en the system 


constants, not on the environmental conditions as 
represented by the concentration X. Third, we find 
_ KX 
~ 
outside, i.e., biologically speaking, a “stimulus,” raises 
the rate of catabolism, amounting to an increase of 
constant k,. Then xz, must decrease. But since im- 
port is proportional to the difference of the concen- 
trations X-—z,, influx must increase. The system 
therefore manifests forces which are directed against 
a disturbance of its steady state. In biological lan- 
guage, we may say that the system shows adaptation 
to a new situation. Physicochemically, open systems 
show a behavior which corresponds to the principle of 
Le Chatelier. 

But these characteristics of steady states are exactly 
those of organic metabolism. In both eases, there is 
first maintenance of a constant ratio of the compo- 
nents in a continuous flow of materials. Second, the 
composition is independent of, and maintained con- 
stant in, a varying import of materials; this corre- 
sponds to the fact that even in varying nutrition and 
at different absolute sizes the composition of the or- 
ganism remains constant. Third, after a disturbance, 
a stimulus, the system reestablishes its steady state. 
Thus, the basie characteristics of self-regulation are 
general properties of open systems. 

The energy need for the maintenance of a steady 
state is, in the simplest case of a monomolecular re- 

k 
versible reaction a si b: 
ky 
where z,* is the concentration in the steady state, 
x, the reaction velocity in the steady state, K =k,/k, 
the equilibrium constant, !'=«,/«, the steady state 
constant. A similar expression applies to systems of 
n reaction partners (6). 

Though at present this expression can hardly be 
used quantitatively in respect to cell problems, some 
general considerations are not without interest. Even 
the resting cell, performing no perceptible work, needs 
a continuous energy supply, as demonstrated by the 
fact that a deprivation of oxygen stops life in the 
(aerobic) cell. This maintenance work of the living 
cell is, of course, partly physicochemical, as in main- 
tenance of osmotic pressure, and of ion concentrations 
different from those in the environment (17). But 
the chemical side must also be taken into account. 
Apart from photosynthesis, which needs considerable 
energy that is yielded by sun radiation, the anabolism 
of cell materials consists mainly of processes of dehy- 
drosynthesis, such as the building up of proteins from 
amino acids and of polysaccharides from monosaccha- 


Ly Let us assume that a disturbance from 
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rides. Considered from the usual static viewpoint, 
these processes need little energy. But the situation is 
different in that these processes are to be considered 
not merely as a reversal of hydrolytic splitting, but the 
high molecular compounds must be maintained in a 
concentration very far from equilibrium. In the eata- 
lytie reactions, sugars = polysaccharides, amino acids 
= proteins, the equilibrium is almost completely on 
the side of the splitting products, as shown simply by 
the ease of hydrolysis and the difficulty, even impossi- 
bility, of dehydrosynthesis in vitro. Therefore, the 
steady state constant I is very different from the equi- 
librium constant K (35). The energy need for syn- 
thesis is demonstrated by numerous facts showing the 
coupling of anabolic and oxidative processes (ef. 6, 
p. 218 ff.). On the other hand, the efficiency of the 
“living machine” appears to be rather low. Since the 
organism works as a chemodynamie system, theoreti- 
eally an efficiency of 100 percent, i.e., complete trans- 
formation of free energy into effective work, would 
be possible in isothermic and reversible processes, the 
condition of isothermy being almost ideally realized in 
the living organism. But the efficiency of the organic 
system in performing effective work, except in photo- 
synthesis, does not much surpass that of man-made 
thermic machines. It appears that we have to take 
into account, in the balance of cell work, not only 
effective work, but also conservation energy, i.e., the 
energy needed for the maintenance of the steady state. 

If these considerations are correct, it is to be ex- 
pected that there is heat production in the transition 
from the steady state to equilibrium, i.e., in cell death. 
In contradiction to earlier work of Meyerhof, this is 
true according to Lepeschkin (20), whose investiga- 
tions, however, need confirmation. Possibly a com- 
bined study of reaction heat in cell death and of oxy- 
gen consumption of the resting cell, and the applica- 
tion of equation (6) can lead to a deeper insight into 
the problem of maintenance work of the cell. 


EQUIFINALITY 


A profound difference between most inanimate and 
living systems can be expressed by the concept of 
equifinality. In most physical systems, the final state 
is determined by the initial conditions. Take, for in- 
stance, the motion in a planetary system where the 
positions at a time ¢ are determined by those of a time 
t), or a chemical equilibrium where the final concen- 
trations depend on the initial ones. If there is a 
change in either the initial conditions or the process, 
the final state is changed. Vital phenomena show a 
different behavior. Here, to a wide extent, the final 
state may be reached from difierent initial conditions 
and in different ways. Such behavior we call equi- 
final. It is well known that equifinality has been con- 


sidered the main proof of vitalism. The same final 
result, namely, a typical organism, is achieved by a 
whole normal germ of the sea urchin, a half-germ, or 
two fused germs, or after translocations of cells. Ac- 
cording to Driesch, this is inexplicable in physico- 
chemical terms: this extraordinary performance is to 
be accomplished only by the action of a vitalistie fac- 
tor, an entelechy, essentially different from physico- 
chemical forces and governing the process by foresight 
of the goal to be reached. Therefore, it is a question 
of basic importance whether equifinality is a proof of 
vitalism. The answer is that it is not (4, 6). 

Analysis shows that closed systems cannot behave 
equifinally. This is the reason why equifinality is, in 
general, not found in inanimate systems. But in open 
systems which are exchanging materials with the en- 
vironment, insofar as they attain a steady state, the 
latter is independent of the initial conditions; it is 
equifinal. This is expressed by the fact that if a sys- 
tem of equations of the form (1) has a solution of 
the form (3) the initial conditions do not appear in 
the steady state. In an open reaction system, irre- 
spective of the concentrations in the beginning or at 
any other time, the steady state values will always be 
the same, being determined only by the constants of 
reactions and of the inflow and outflow. 

Equifinality can be formulated quantitatively in cer- 
tain biological cases. Thus growth is equifinal: the 
same species-characteristic final size can be reached 
from different initial sizes (e.g., in litters of different 
numbers of individuals) or after a temporary sup- 
pression of growth (e.g., by a diet insufficient in quan- 
tity or in vitamins). According to quantitative the- 
ory (p. 28), growth can be considered the result of 
a counteraction of the anabolism and catabolism of 
building materials. In the most common type of 
growth, anabolism is a function of surface, catabolism 
of body mass. With increasing size, the surface-vol- 
ume ratio is shifted in disfavor of surface. Therefore, 
eventually a balance between anabolism and eatabo- 
lism is reached which is independent of the initial size 
and depends only on the species-specific ratio of the 
metabolic constants. It is, therefore, equifinal. 

Equifinality is found also in certain inorganie sys- 
tems which, necessarily, are open ones (6, 9, 10). 
Such systems show a paradoxical behavior, as if 
the system “knew” of the final state which it has to 
attain in the future. 


THERMODYNAMICS OF OPEN SYSTEMS 


It has sometimes been maintained that the second 
law of thermodynamics does not hold in living nature. 
Remember the sorting demon, invented by Maxwell, 
and Auerbach’s doctrine of ectropy, stating that life 
is an organization created to avert the menacing en- 
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tropy-death of the universe. Ectropy does not exist. 
However, thermodynamics was concerned only with 
closed systems, and its extension to open systems leads 
to very unexpected results. 

It has been emphasized by von Bertalanffy (4, 6) 
that, “according to definition, the second law of ther- 
modynamics applies only to closed systems, it does not 
define the steady state.” The extension and generali- 
zation of thermodynamical theory has been carried 
through by Prigogine (11, 25, 26, 30). As Prigogine 
states, “classical thermodynamics is an admirable but 
fragmentary doctrine. This fragmentary character 
results from the fact that it is applicable only to 
states of equilibrium in closed systems. It is neces- 
sary, therefore, to establish a broader theory, compris- 
ing states of non-equilibrium as well as those of equi- 
librium.” Thermodynamics of irreversible processes 
and open systems leads to the solution of many prob- 
lems where, as in electrochemistry, osmotic pressure, 
thermodiffusion, Thomson and Peltier effects, ete., 
classical theory proved to be insufficient. We are in- 
dicating only a few, in part revolutionary, conse- 
quences. 

Entropy must increase in all irreversible processes. 
Therefore, the change in entropy in a closed system 
must always be positive. But in an open system, and 
especially in a living organism, not only is there en- 
tropy production owing to irreversible processes, but 
the organism feeds, to use an expression of Sehri- 
dinger’s, from negative entropy, importing complex 
organic molecules, using their energy, and rendering 
back the simpler end products to the environment. 
Thus, living systems, maintaining themselves in a 
steady state by the importation of materials rich in 
free energy, can avoid the increase of entropy which 
cannot be averted in closed systems. 

According to Prigogine, the total change of entropy 
in an open system can be written as follows: 

dS =d,S+d-8, (7) 
d,S denoting the change of entropy by import, d;S 
the production of entropy due to irreversible processes 
in the system, like chemical reactions, diffusion, and 
heat transport. The term d;8 is always positive, ac- 
cording to the second law; d,S, however, may be nega- 
tive as well as positive. Therefore, the total change 
of entropy in an open system can be negative as well 
as positive. Though the second law is not violated, or 
more precisely, though it holds for the system plus 
its environment, it does not hold for the open system 
itself. According to Prigogine, we can therefore state 
that: 1) Steady states in open systems are not defined 
by maximum entropy, but by the approach of mini- 
mum entropy production. 2) Entropy may decrease 
in such systems. 3) The steady states with minimum 


entropy production are, in general, stable. Therefore. 
if one of the system variables is altered, the system 
manifests changes in the opposite direction. Thus, 
the principle of Le Chatelier holds, not only for 
closed, but also for open systems. 4) The considera- 
tion of irreversible phenomena leads to the conception 
of thermodynamic, as opposed to astronomical, time. 
The first is nonmetrical (i.e., not definable by length 
measurements), but arithmetical, since it is based 
upon the entropy of chemical reactions and, therefore, 
on the number of particles involved; it is statistical 
because based upon the second law; and it is local 
because it results from the processes at a certain point 
of space. 

The significance of the second law ean be expressed 
also in another way. It states that the general trend 
of events is directed toward states of maximum dis- 
order and leveling down of differences, the higher 
forms of energy such as mechanical, chemical, and 
light energy being irreversibly degraded to heat, and 
heat gradients continually disappearing. Therefore, 
the universe approaches entropy death when all en- 
ergy is converted into heat of low temperature, and 
There may be 
exceptions to the second law in microphysical dimen- 
sions: in the interior of stars, at extremely high tem- 
peratures, higher atoms are built up from simpler 
ones, especially helium from hydrogen, these processes 
being the source of sun radiation. But on the macro- 
physical level, the general direction of events toward 
degradation seems to be the necessary consequence of 
the second law. 

But here a striking contrast between inanimate and 
animate nature seems to exist. In organie develop- 
ment and evolution, a transition toward states of 
higher order and differentiation seems to occur. The 
tendency toward increasing complication has been in- 
dicated as a primary characteristic of the living, as 
opposed to inanimate, nature (2). This was called, 
by Woltereck, “anamorphosis.” and was often used as 
a vitalistie argument. 

These problems acquire new aspects if we pass 
from closed systems, solely taken into account by 
classical thermodynamies, to open systems. Entropy 
may decrease in open systems. Therefore, such sys- 
tems may spontaneously develop toward states of 
greater heterogeneity and complexity (11, 25, 26, 30). 
Probably it is just the thermodynamical characteristic 
of organisms as open systems that is at the basis of 
the apparent contrast of eatamorphosis in inanimate, 
and anamorphosis in living, nature. This is obvi- 
ously so for the transition toward higher complexity 
in development, which is possible only at the expense 
of energies won by oxidation and other energy-yield- 
ing processes. In regard to evolution, these consid- 


the world process comes to an end. 
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erations show that the supposed violation of physical 
laws (13) does not exist, or, more strictly speaking, 
that it disappears by the extension of physical theory. 

As emphasized by Prigogine, “the thermodynamics 
of irreversible phenomena is an indispensable com- 
plement to the great theories of macrophysies, giving 
the latter a unification hitherto lacking.” Not since 
De Vries’ and Pfeffer’s work on osmosis have basic 
developments in physical theory been instigated by 
biological considerations. Not only must biological 
theory be based upon physics; the new developments 
show that the biological point of view opens new 
pathways in physical theory as well. 


BIoLoGicaL APPLICATIONS 


Generally speaking, the basie fundamental physio- 
logical phenomena can be considered to be conse- 
quences of the fact that organisms are quasi-station- 
ary open systems. Metabolism is maintenance in a 
steady state. Irritability and autonomous activities 
are smaller waves of processes superimposed on the 
continuous flux of the system, irritability consisting 
in reversible disturbances, after which the system 
comes back to its steady state, and autonomous activi- 
ties in periodic fluctuations. Finally, growth, devel- 
opment, senescence, and death represent the approach 
to, and slow changes of, the steady state. The theo- 
ries of many physiological phenomena are, therefore, 
special cases of the general theory of open systems, 
and, conversely, this conception is an important step 
in the development of biology as an exact science. 
Only a few examples can be briefly mentioned. 

Rashevsky’s theoretical cell model (27), represent- 
ing a metabolizing drop into which substances flow 
from outside and undergo chemical reactions, from 
which the reaction products flow out, is a simple ease 
of an open system. From this highly simplified ab- 
stract model, consequences can be derived which cor- 
respond to essential characteristics of the living cell, 
such as growth and periodie division, the impossibil- 
ity of a “spontaneous generation,” an order of mag- 
nitude similar to average cell size, and the possibility 
of nonspherical shapes. 

Permeation of substances into the cell, leading to 
a composition of the cell sap different from that of the 
surrounding medium, to the selective accumulation of 
salts, and to volume increase, was studied by Oster- 
hout and his co-workers (23, 24) in large plant cells 
and physical models. The conditions are again those 
of open systems, attaining a steady state. The mathe- 
matical treatment of this system, as given by Long- 
worth (22), is interesting because it agrees with and 
confirms the inferences, drawn from quite different 
physiological considerations, in von Bertalanffy’s 
theory of growth (6). 


The conception of open systems has been applied, 
by Dehlinger and Wertz (15), to elementary self- 
multiplying biological units, i.e., to viruses, genes, and 
chromosomes. A more detailed model was indicated 
by von Bertalanffy (7). According to this model, self- 
duplication in viruses and genes results from the fact 
that they are metabolizing aperiodic crystals. If de- 
gradative processes are going on, then, according to 
the derivations of Rashevsky, repulsive forces must 
result which eventually can lead to division and self- 
multiplication. At least in respect to chromosomes, 
this conception appears to be well founded, since 
tracer investigations with radiophosphorus show that 
the nucleoproteids of the cell are continually worn 
out and regenerated. 

Tracer studies of metabolism, in particular, helped 
in this country to popularize the conception of the 
organism as a steady state. 


The discovery and the description of the dynamic state 
of the living cells is the major contribution that the iso- 
tope technique has made to the field of biology and medi- 
eine. . . . The proteolytic and hydrolytic enzymes are 
continuously active in breaking down the proteins, the 
carbohydrates and lipids at a very rapid rate. The ero- 
sion of the cell structure is continuously being compen- 
sated by a group of synthetic reactions which rebuild the 
degradated structure. The adult cell maintains itself in 
a steady state not because of the absence of degradative 
reactions but because the synthetic and degradative reac- 
tions are proceeding at equal rates. The net result ap- 
pears to be an absence of reactions in the normal state: 
the approach to equilibrium is a sign of death. 

—RITTENBERG (29). 


Compare this with the following statement, derived 
from the investigation of animal growth: 


Every organic form is the expression of a flux of proe- 
esses. It persists only in a continuous change of its com- 
ponents. Every organic system appears stationary if 
considered from a certain point of view; but if we go a 
step deeper, we find that this maintenance involves con- 
tinuous change of the systems of next lower order: of 
chemical compounds in the cell, of cells in multicellular 
organisms, of individuals in superindividual life units. 
It was said, in this sense (von Bertalanffy 1932, p. 248 
ff.) that every organic system is essentially a hierarchical 
order of processes standing in dynamic equilibrium. . . . 
We may consider, therefore, organic forms as the expres- 
sion of a pattern of processes of an ordered system of 
forees. This point of view ean be called dynamic mor- 
phology.—vVON BERTALANFFY (35). 


In fact, we have inferred, from quantitative anal- 
ysis and theory of growth, and before the investiga- 
tions of Schoenheimer and his co-workers, just the 
essential conclusions reached by the tracer method, 
namely, 1) that protein metabolism goes on, partieu- 
larly in mammals, at much higher rates than elassiea! 
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physiology supposed, and 2) that there is synthesis 
and resynthesis of amino acids and proteins from am- 
monia and nitrogen-free chains (3). These predic- 
tions were rather hazardous at that time; but they 
have been fully confirmed by later isotope work, espe- 
cially with N?. 

To apply the conception of open systems quanti- 
tatively to phenomena in the organism-as-a-whole, 
we have to use a sort of generalized kinetics. Since 
it is impossible to take into account the inex- 
tricable and largely unknown processes of interme- 
diary metabolism, we use balance values for their 
statistical result. This procedure is in no way un- 
usual. Already in chemistry, gross formulas—for 
example, those for photosynthesis or oxidation—indi- 
eate the net result of long chains of many partly un- 
known reaction steps. The same procedure is applied 
on a higher level in physiology when total metabolism 
is measured by O, consumption and CO, and calorie 
production, and bulk expressions, like Rubner’s sur- 
face rule, are formulated; or when in clinical routine 
the diagnosis of, say, hyperthyroidism is based upon 
determination of basal metabolism. A similar pro- 
cedure leads to exact theories of important biological 
phenomena. 

Thus, a quantitative theory of growth has been 
developed. Growth is considered to be the result of 
the counteraction of anabolism and catabolism of the 
building materials. By quantitative expressions, 
using the physiological values of anabolism and ca- 
tabolism and their size dependence, an explanation of 
growth in its general course, as well as in its details, 
and quantitative growth laws have been established. 
This theory is almost unique in physiology, for it 
permits precise quantitative predictions which have 
been verified, often in a very surprising way, by later 
experiments. The conceptions of dynamie morphol- 
ogy have been applied to a large number of problems, 
including the quantitative analysis of growth in 
microorganisms, invertebrates, and vertebrates, the 
physiological connections between metabolism and 
growth, leading to the establishment of metabolic types 
and corresponding growth types, allometry, growth 
gradients and physiological gradients, pharmacody- 
namie action, and phylogenetic preblems (8). 

Spiegelman (32) has given a quantitative theory of 
competition, regulation, dominance, and determina- 
tion in morphogenesis, based upon a_ generalized 
kinetics of open systems and the gradient principle. 
The steady state and turnover rate of tissues are in- 
vestigated by Leblond and his group (19a). 

Excitation has already been considered by Hering 
a reversible disturbance of the processes going on in 


the living organism. The conception that organic 
systems are not in equilibrium, but in a steady state, 
has been advanced by Hill (17), mainly upon con- 
siderations of the osmotic nonequilibrium in living 
cells. Hill’s theory of excitation (18), which is form- 
ally identical with that of Rashevsky (27), concerns 
a special case of steady states. 

Under certain conditions, the approach in open 
systems to a steady state is not simply asymptotieal, 
but shows an “overshoot” or “false start,” as demon- 
strated by Burton (12), and Denbigh (16). These 
phenomena are missed in ordinary physical chemistry, 
but are common in biological phenomena, e.g., in the 
sequence of afterpotentials following the spike po- 
tential in nerve excitation, in afterdischarge after 
inhibition, and in supernormal respiration after 
entering an oxygen debt. 

Also the theory of feedback mechanisms (35), much 
discussed in the last few years, is related to the 
theory of open systems. Feedbacks, in man-made 
machines as well as in organisms, are based upon 
structural arrangements. Such mechanisms are pres- 
ent in the adult organism, and are responsible for 
homeostasis. However, the primary regulability, as 
manifested, for example, in embryonic regulations, 
and also in the nervous system after injuries, etc., is 
based upon direct dynamic interactions (9, 10). 

In pharmacology, a conception corresponding to 
that of open systems has been applied by Loewe (21) ; 
quantitative relations have been derived for systems 
corresponding to the action of certain drugs (“put 
in,” “drop in,” “block out ” systems). A deduction 
of the several laws of pharmacodynamic action from 
the organismie conception (von Bertalanffy) and a 
general system function was given by Werner (34). 

Conceptions and systems of equations similar to 
those of open systems in physicochemistry and phys- 
iology appear in biocoenology, demography, and 
sociology (14, 19, 33). 

The formal correspondence of general principles, 
irrespective of the kind of relations or forces between 
the components, leads to the conception of a “General 
System Theory” (9) as a new scientific doctrine, con- 
cerned with the principles which apply to systems 
in general. 

Thus, the theory of open systems opens a new field 
in physies, and this development is even more re- 
markable because thermodynamics seemed to be a 
consummate doctrine within classical physies. In 
biology, the nature of the open system is at the basis 
of fundamental life phenomena, and this conception 
seems to point the direction and pave the way for 
biology to become an exact science. 
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Structure of the Earth’s Crust 
in the Continents 


B. Gutenberg 


Seismological Laboratory, 
California Institute of Technology, Pasadena 


In 1910 A. Mohorovitié pulsed the first paper in 
which arrival times of elastic waves from a near-by earth- 
quake were used to caleulate the velocity of earthquake 
waves in the earth’s crust. He found for longitudinal 
waves a velocity of 5.4 km/ see in the upper 50 km and a 
velocity of about 7.8 km/sec. below that. Earthquake 
records from other regions furnished similar results and 
indicated one or more intermediate layers. Later, when 
artificial explosions were recorded, it was found that the 
velocity in the uppermost layers is appreciably higher than 
that found from earthquake records. Data are available 
now for parts of Europe and the United States. They 
indicate a velocity of about 6 km/see immediately below 
the sedimentary layers, increasing (in some regions) to 
as much as 6} km/sec at a depth of about 10 km. The 
Mohorovitié discontinuity is found in general at a depth 
between 30 and 40 km, and the velocity below it is be- 
tween 8.1 and 8.2 km/sec. The discrepancy between the 


results from earthquake waves and those from artificial 
explosions is beyond the limits of error. This new inter- 
pretation is suggested to explain all observations: 

Below the sediments the material has a velocity of 
about 6 km/see for longitudinal waves; this inereases 
with depth and in some areas approaches 7 km/see at a 
depth of about 10 km. Ata depth of roughly 15 km the 
velocity decreases (it may be either an abrupt or a grad- 
ual decrease), reaching a minimum of about 53 km/sec 
at a depth near 20 or 25 km. Below this, it increases 
again, possibly with a sudden jump, and shows-a sudden 
inerease to 8.1 or 8.2 km/see at the Mohorovicié discon- 
tinuity at a depth of between 30 and 40 km in most con- 
tinental regions, but deeper (up to 60 km at least) under 
some mountain ranges (‘‘roots of mountains’’). At a 
depth of about 80 km the velocity decreases slightly, and 
begins to increase again at a depth of about 150 km. It 
shows no further irregularities down to at least 900 km. 

In artificial explosions the waves refracted through the 
surface layers with relatively high velocities are recorded, 
but the waves reaching the low velocity layer would be 
refracted downward and would not turn upward again 
before they reached a deeper layer with a velocity at least 
equal to the maximum in the upper layers. Thus, the 
existence of the low velocity layer could not be revealed 
by refracted waves from artificial explosions. Caleula- 


n 
e 
) 
= 
= 
4 
| 


30 SCIENCE 


January 13, 1950, Vol. 111 


tions of the depth of the Mohorovicié discontinuity would 
have to consider the low velocity layer. 

The source of most shallow earthquakes would be in the 
low velocity layer. The amplitudes of the direct waves 
would decrease rather fast with distance, and their travel 
times would be affected by the velocity in all layers above 
the earthquake source. Rays starting not too far from a 
horizontal direction, upward or downward, could not leave 
the low velocity layer in accordance with ray optics. 

hus, they could form a ‘‘sofar channel’’ with the peeu- 
liar properties which have been studied in the atmos- 
phere and the ocean. At some distance outside such a 
channel rather large amplitudes are found. Energy radi- 
ating from the channel would form the phase (indicated 
by P) which has been considered the direct wave in earth- 
Actually, the direct longitudinal wave in 
earthquake records would arrive almost simultaneously 
with the at certain distances. The inside 
limit of the sofar wave would be at distances of 50 km 
or more, depending on local conditions. The direct wave. 


quake records. 


sofar wave 


traveling above the channel, would precede the P-wave hy 
increasing time intervals. This phase (ealled Py in 
records of California earthquakes) has been considered 
previously to be a wave refracted through a deeper layer. 
C. F. Richter is now investigating a number of records 
from smaller earthquakes in southern California, includ- 
ing data from four semipermaieut stations with highly 
seusitive Benioff-vertical seismegraphs that have been in- 
His results to date 
(unpublished ) are in excellent agreement with the new 
hypothesis. The interpretation of earthquake records 
studied previously requires an origin time 1-2 see later. 
since in the earlier interpretation it has been generally 


stalled especially for such research. 


assumed (incorrectly) that P starts at the time of origin 
of the shock. This difference of 1—2 sec has to be sub- 
tracted from all Pasadena travel time curves. It explains 
the fact that waves from the Baker Day test at Bikini ar- 
rived about 2 sec earlier than was calculated. The new 
hypothesis explains other phenomena found from earth- 
quake records. 

Thus far, few attempts have been made to explain the 
fact that material with higher velocity exists on top of 
material with lower velocity. The author had previously 
assumed that this was explained by local patches of old 
sedimentary rocks covering the ‘‘granitie layer’’ and 
H. O. Wood assumed it was owing to local effects of high 
pressure. It seems now that the phenomenon of the low 
velocity layer is much more general, at least in the con- 
tinents. It must be explained either by assuming a suc- 
cession of relatively thin layers of different material in 
many regions of the earth’s crust or, what is more likely, 
by the effect of physical processes. In a given material, 
the velocity of the elastic waves is mainly an effect of 
pressure and temperature. Experiments indicate that the 
pressure increases the wave velocity in a given material 
rather considerably in the upper few kilometers, but much 
less below about 10 km. Few data are available for the 
effects of temperature; for quartz, and to a lesser degree 
for diabase, they indicate a decrease in wave velocity with 
inereasing temperature, followed by an increase. For 


quartz, a strong minimum can be expected at a depth of 
roughly 25 km, where the transition from alpha quartz 
to beta quartz should take place. For diabase, a minor 
minimum has been ealeulated by Birch and Dow to oceur 
at a depth of about 10 km. Similar data for feldspar 
and other constituents of the material in the earth’s 
crust are necessary to establish the actual cause of the 
low velocity layer at a depth below about 15 km if its 
existence is proven. 

The Mohorovicié discontinuity is not much affected by 
the new hypothesis. It is still considered by the author 
to mark the transition from simatic material (basalt, 
gebbro, ete.) above it to ultrabasie rock below; the 
decrease in wave velocity at a depth of about 80 km 
is believed to result from the transition from erystalline 
to amorphous material near or at the melting point. 
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Effect of Insulin on the Potsssium and 
Inorganic Phosphate Content of the 
Medium in Experiments with 

Isolated Rat Diaphragms 


Chr. E. Kamminga,' A. F. Willebrands, 
J. Groen, and J. R. Blickmaz 


Second Medical Service and Department of Surgery, 
Wilbelmina-Gasthuis, Amsterdam 


In 1923 and 1924, Harrop and Benedict (6,7) and 
Briggs et al. (2) found a drop in serum potassium after 
administration of insulin to normal and diabetic human 
individuals and experimental animals. Their observa- 
tions have been confirmed repeatedly and it has been 
shown that this effect was due to a shift of potassium 
from the extracellular to the intracellular space (3,11). 
No studies have been made, however, of the effect of 
insulin on the potassium metabolism of isolated organs 
or tissues. 

In reeent years, the rat diaphragm has been widely 
used for the study of carbohydrate metabolism of the 
isolated muscle (4,9). For the present investigation 
the technique of Gemmill (4) has been used. 

Ten rats of 80-100 g body weight, which had been 
fasted for 24 hr, were killed by decapitation. The 
diaphragms were taken out and divided in two halves. 
Ten hemidiaphragms were incubated in 20 ml of a buffer 
solution with a mineral composition closely resembling 
blood plasma (5) and equilibrated with a gas mixture of 
93% oxygen+7% earbon dioxide. The pH of this 
buffer after equilibration is 7.4. The buffer solution 
contained glucose in a concentration of 200 mg%. The 
ten other hemidiaphragms of the same animals were 
incubated under similar conditions in a buffer solution 
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containing in addition 0.5 units of insulin per ml.’ 

Both vessels were shaken at a rate of 120/min at 37° C, 
and samples of the medium were taken from each flask 
after 30, 45, 60, 90, 120, and 150 min. In the samples, 
glueose was determined by the method of Somogyi (8), 
inorganic phosphate after Briggs (1), and potassium 
with the aid of a flame photometer constructed by one 
of us (10). The results of three consecutive experi- 
ments, expressed as changes in the medium, caleulated 
per 100 mg of wet tissue, are summarized in Fig. 1. 
Inorganic phosphate was determined in only two of these 
experiments. 

Significant differences were observed in the glucose 
utilization, which proceeded at a greater velocity in the 
presence of insulin. 

In the evaluation of the changes in the potassium and 
phosphate content of the medium, it should be kept in 
mind that every surviving tissue gives off phosphate and 
potassium through autolysis. This phenomenon tends to 
counteract any shift of phosphate or potassium which 
might accompany the penetration of glucose into the 
cells. Under these circumstances there was no evidence 
ot a shift of inorganic phosphate into the diaphragms, 
either with or without insulin. The inorganic phosphate 


2 We are indebted to Dr. J. Lens, of Organon Laboratories. 
for a crystalline preparation of insulin, containing 22.5 units 
per mg. 


of the medium slowly increased in both vessels. The 
potassium content of the medium, however, showed a 
definite initial decrease, indicating a transfer of potas- 
sium into the muscle cells. In the presence of insulin 
the potassium shift was significantly larger in every 
experiment. The largest values for the potassium shift 
were found after one hour’s incubation. At that moment, 
the difference in potassium shift between the flask with 
and that without added insulin amounted to about 1 
microequivalent per 100 mg of wet tissue. It is econ- 
cluded that a transfer of potassium from the medium 
into the muscle cells is associated with the utilization 
of glucose by the isolated rat diaphragm. This transfer 
is enhanced by the addition of insulin. Why we did not 
find in these experiments a concomitant shift in inorganic 
phosphate will be the subject of further study. 
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The Effect of Changes in Body Weight 
on Atherosclerosis in the Rabbit? 


J. B. Firstbrook- 


Banting and Best Department of Medical Research, 
University of Toronto, Toronto, Canada 


Atherosclerosis is probably responsible for more deaths 
on this continent than any other pathological process 
(3, 4). The high incidence of the fatal sequelae of this 
disease in the obese has been known to life insurance 
statisticians for many years (1). In 1947, Wilens (9, 
10) reported analyses of autopsy findings in man which 
revealed atherosclerosis to be strikingly associated with 
adiposity. Evidence was also presented (10) showing 
that the characteristic lipid component of the lesions 
regresses during weight loss. 

This evidence that a calorie intake in excess of energy 
requirement is associated with a high incidence of ath- 
erosclerosis in man suggests the possibility that weight 
loss due to decreased consumption or absorption of food, 

1 Supported by a grant from the Canadian Life Insurance 
Officers Association. 

2 The advice and encouragement of Dr. C. H. Best, under 
whose direction this work was performed, is gratefully ac- 
knowledged. We are indebted to Miss E. V. Gaston and Mr. 
G. W. Low for technical assistance, to Dr. Jean Patterson 
for help with the statistical computations, and to Mr. D. B. 
W. Reid for advice on statistical methods. 
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increased energy requirement, or urinary loss of energy- 
yielding metabolites might account for the efficacy of 
some procedures in preventing experimental atherosclero- 
sis. We have investigited this possibility in the rabbit 
by examining the relationship between weight changes 
produced by various levels of food intake and the severity 
of experimental atherosclerosis. 

The rabbits used were males of various breeds and of 
unknown age. They were housed in individual cages and 
allowed water ad libitum throughout the experiment. 
After a preliminary observation period of at least 1 
week on Ralston Purina Rabbit Chow Checkers fed ad 
libitum, the animals were weighed and sorted on the basis 
of similar body weight into pairs or into groups of three. 
One animal in each group was chosen at random and al- 
lowed chow ad libitum throughout the experiment. The 
other member of a pair was offered 50% of the previous 
day’s food intake of the freely fed animal. The other 
two members of the groups of three were restricted to 
60% and 40% maximum intakes. The daily food con- 
sumption of each animal was recorded and all animals 
were weighed weekly. 

After 2 weeks on the restricted feeding schedule (5 
days in the ease of rabbit 2—a replacement necessitated 
by appetite failure), the daily administration by stomach 
tube of an aqueous suspension of cholesterol was begun. 
The suspension was prepared by pouring cholesterol, dis- 
solved in hot acetone, into cold water with constant stir- 
ring, and then boiling off the acetone and sufficient water 
to bring the concentration of cholesterol to 1 g in 20 ml 
of suspension. Each rabbit received 1 g of cholesterol 
daily, 7 days a week. Total cholesterol levels were de- 
termined ou whole ear vein blood by the Schoenheimer- 
Sperry Method (8) before cholesterol administration was 
begun and weekly thereafter. 

After 4-7 weeks of cholesterol administration the ani- 
mals were killed and autopsied. The whole aorta was re- 
moved from each animal, fixed in 10% formalin, and 
stained with Sudan IV. The stained aortas were graded 
as unknowns into five arbitrary groups, according to the 
area of aortic intima involved by lesions. The presence 
of typical atherosclerosis was confirmed by microscopic 
examination. 

Several animals were lost early in the experiment 
through damage to the respiratory tract during choleste- 
rol administration. Only animals surviving 30 or more 
days of cholesterol administration are included in the 
series. 

The data are summarized in Table 1. As expected, 
there is a highly significant correlation between food in- 
take and final weight expressed as a ‘fraction of initial 
weight (7,;=0.932). The amount of intra-abdominal fat 
estimated by gross inspection at autopsy reflected the 
food intake. 

In the absence of control of the other variables, the 
degree of atherosclerosis is not significantly correlated 
with cholesterol dosage, with initial weight, or with 
weight change. The correlation with average blood cho- 
lesterol is significant at the 5% level (ry.= 0.430). 
Assuming that, within the ranges of the data, the cor- 


TABLE 1 
~ 
te se » s = 
$3 eB oF 
ao = = Sigs 
Xi Xe Xs Xs Xs 
1 30 424 2.46 0.90 18 2 
2 30 313 2.39 0.91 10 0 
3* 35 243 2.75 0.95 30 Z 
4* 35 365 2.19 0.95 21 2 
5 45 396 2:67 1.00 a9 3 
6 43 356 2.74 0.79 19 2 
7 44 346 2.55 1.26 56 3 
8 44 156 2.58 0.95 28 0 
9 44 278 2.49 1.10 42 4 
10 44 349 2.52 0.88 21 1 
11 44 141 2.36 1.29 56 1 
12 44 245 2.36 0.97 24 1 
13 45 297 2.56 1.11 45 3 
14 45 310 2.62 0.94 20 2 
15 45 151 3.39 0.96 35 3 
16 45 370 3.57 0.88 15 4 
17 45 379 1.98 1.47 64 4 
18 45 463 2.06 1.05 31 3 
19 45 316 2.45 1.32 60 4 
20 45 280 2.25 1.08 36 4 
rail 44 395 2.15 1.01 27 1 
22 49 139 2.20 1.36 59 0 
23 49 245 2.05 1.13 37 4 
24 49 373 2.15 0.88 25 1 
25 51 224 2.15 1.18 54 3 
26 51 677 2.10 1.16 33 4 
27 51 424 2.10 1.40 59 4 
28 51 150 2.10 1.05 30 0 


* Animals paired for ad libitum and 50% feeding after 
their respective restricted and freely fed companions died on 
the fourth day of cholesterol administration. 


relations are linear, the effect of each of these inde- 
pendent variables on the degree of atherosclerosis, when 
the other independent variables are held constant, may 
be estimated by the calculation of multiple linear regres- 
sion (7). 

The coefficient of multiple correlation (Ry.1:2, = 0.7165) 
is significant beyond the 1% point. The standard partial 
regression coefficients, indicating the relative significance 
of the independent variables in determining the estimated 
value of the dependent variable, are as follows: 


= 0.150 
= 0.553 
= 0.484 
= 0.535 
The average blood cholesterol level, the initial weight, 
and the relative final weight are of approximately equal 
importance in determining the degree of atherosclerosis 
estimated from the equation of multiple linear regression. 
Under the conditions of this experiment, variations in 
the cholesterol dosage had little effect. 
An association of severe lesions with high blood cho- 
lesterol levels has been noted by many investigators, as 
has, under some conditions, a relatively poor correlation 
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in the absence of statistical or experimental control of 
other variables (4). 

Pollak (6) has reported an experiment indicating in- 
ereasing severity of lesions with increasing age and body 
weight. Although in freely fed animals, not fully grown, 
a general parallel between age and body weight may be 
expected, we are unable to estimate the contribution of 
age in our results, since the exact ages of our animals 
were unknown. 

The high net correlation found between relative weight 
gain and severity of experimental lesions is not only con- 
sistent with the findings in man (9, 10), but has an im- 
portant application to the study of experimental athero- 
sclerosis. In the evaluation of agents suspected of 
influencing experimental atherosclerosis in the raishit, and 
probably in other species, there must be statistical or ex- 
perimental control of changes in body weight. The low 
incidence of experimental atherosclerosis in rabbits ren- 
dered diabetic with alloxan prior to cholesterol adn:*1- 
istration (2, 5) is probably associated with tke charice- 
teristic emaciation of these animals, rather than with 2 
specific effect of the diabetes. 
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Discovery of Dioecism in 
Laboulbenia formicarum 


R. K. Benjamin and Leland Shanor 


Department of Eotany, 
University of Illinois, Urbana 


Laboulbenia formicarum Thaxter is a very minute par- 
asitie ascomycetous fungus that ean be found very com- 
monly on all exposed parts of the body of small red ants 
belonging to the genus Lasius. The species was origi- 
nally described by Thaxter (1) from Cambridge, Massa- 
chusetts, and later shown in figures in Part II of his 
classical series of monographs on the Laboulbeniaceae 

2). The two figures which represent the only ones Thax- 
ter published of this species are both what appear to be 
mature female plants. Since no reference was made to 
antheridia of this species, either in the technical descrip- 
tions or in the brief notes, it seems reasonable to assume 
that antheridia and the plants on which they are formed 
were not observed by Prof. Thaxter and that he did not 
suspect the species of being dioecious. 


During the fall of 1948, while collections were being 
made of parasitized individuals from a colony of red ants 
in Champaign, Illinois, a large number of males were ob- 


1 -2 
Fic. 1. Portion of the wing of a male ant heavily infected 
with Laboulbenia formicarum. Magnification x 150. 
Fic. 2. A pair of mature individuals removed from the 
host. Magnification x 420. 


tained with wings still attached that were heavily infected 
with Laboulbenia formicarum. Plants were growing in 
great abundance on the wings (Fig. 1), and since these 
elear easily, plants in different stages of development, 
from the first stages in the germination of spores to ma- 
ture plants, were readily observed. One of the first 
things to attract our attention when we started to examine 
this material was the way two plants were almost invari- 
ably associated (Fig. 2). A eareful examination of such 
pairs where the perithecia of one were mature, as pic- 
tured by Thaxter, revealed that the smaller one which 
lacked a perithecium was not an immature or aborted 
individual but rather a mature male plant with well-de- 
fined antheridia. No antheridia were found on female 
plants and they were exactly as pictured by Thaxter. 
A study of younger plants has shown also that male and 
female plants are very much alike in early stages of their 
development, but even in early stages, after one has be- 
come familiar with the developmental sequence, males ean 
be distinguished from females. The details of develop- 
mental morphology as observed in this species, accom- 
panied by a series of figures, are being published else- 
where. The ascospores which give rise to male and female 
plants are discharged in pairs and cling together as they 
develop. A eytologieal study has never been made in 
any of the dioecious species of the Laboulbeniales of the 
phenomena involved in segregation of sex factors as 
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spores are formed, but because of its small size, Laboul- 
benia formicarum would not appear to lend itself too well 
to such a study. The developmental morphology, how- 
ever, can be followed readily. 

The discovery in this species of separate male plants 
which produce spermatia, and female plants which give 
rise to perithecia, constitutes the first demonstration of 
dioecism in any of the 400-odd species of the genus La- 
boulbenia. In the order Laboulbeniales, dioecism has 
previously been shown to occur in two subfamilies of the 
Laboulbeniaceae, the Amorphomyceteae and the Herpo- 
myceteae, and in the Dimorphomyceteae of the family 
Peyritschielliaceae. Most species of the Laboulbeniales 
are monoecious. 
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A Method for Concentration and Segrega- 
tion of Malignant Cells from Bloody, 
Pleural, and Peritoneal Fluids 


Don W. Faweett,! Bert L. Vallee, 
and Marjorie H. Soule 


Departments of Anatomy and Medicine, 
Harvard Medical School, Boston, 

and Department of Biology, 

Massachusetts Institute of Technology, and the 
Laboratory of Vincent Memorial Hospital 


The separation of parasitized erythrocytes (Plasmodium 
vivax) from normal red blood cells (1), and of leukocytes 
from whole blood (2), by means of flotation on isosmotic 
solutions of bovine serum albumin has been described. 
The method presented here adapts the underlying prin- 
ciple of these procedures to the concentration of malig- 
nant cells and their segregation from other cellular ele- 
ments and debris in pleural and abdominal fluids obtained 
from cancer patients. This is a preliminary report on 
work in progress. 

The physical chemistry of the albumin solution* has 
been discussed in a previous paper (7). Pleural and 
peritoneal fluids submitted to the laboratory for routine 
cytological diagnosis were used in the study. 

Pilot experiments are carried out to determine the op- 
timal range of specific density for the separation desired. 
For this purpose the 35% albumin solution, having a 
specific density of approximately 1.10, is diluted with 
normal saline to result in specific densities of about 1.05 
to 1.07. Solutions covering this density range are pre- 
pared by diluting 3.2, 3.4, 3.6, and 3.8 ml of the stock 

1 John and Mary R. Markle Scholar in Medical Science. 

Senior Fellow of the Committee on Growth of the Na- 
tional Research Council. Supported by the American Cancer 
Society. 

3 Crystallized bovine plasma albumin, 35% solution, was 
made available to us through the generosity of Dr. J. B. 
Lesh, Armour Laboratories, Chicago, Illinois. 


albumin up to 5 ml with saline in each of four 50-ml 
round-bottom Pyrex bottles. The 35% albumin is viscous 
and difficult to pipette. It has been found convenient, 
therefore, to use a 5-ml hypodermic syringe with a 4-in., 
18-gage needle to aspirate the albumin from its rubber- 
capped bottle. The desired amount is extracted and saline 
is then drawn into the same syringe up to the 5-ml mark. 
The contents of the syringe are gently mixed and deliv- 
ered to the bottom of the 50-ml centrifuge bottle. 


CEL: SUSPENDED 
SALINE 
MALIGNANT AND 
MESOTHELIAL CELLS 
ALBUMEN 


ERYTHROCYTES 
LEUCOCYTES 


1 2 


Fics. 1. and 2. 1—Diagram showing the saline cell sus- 
pension layered onto the albumin before centrifugation. 2— 
The appearance after centrifuzation. Four layers are now 
discernible. 


Four 50-ml aliquots ot the original serosanguinous fluid 
are centrifuged in 50-ml Pyrex bottles at 2000 rpm for 
10 min. The clear supernatant is decanted and the 
residues are pooled and resuspended in 20 ml of isotonic 
saline, thus xccomplishing a 10-fold concentration of the 
cells. Depending on the cellular content of the fluid 
being studied, the degree of concentration may be in- 
creased or decreased. Five ml of the resuspended mate- 
rial is carefully layered onto the albumin dilutions in 
each of the four tubes (Fig. 1). The bottles are centri- 
fuged for 5 min at 500 rpm and then for 30 min at 3000 
rpm. At the end of this period the material in the tubes 
is stratified in four layers (Fig. 2). These are pipetted 
off into separate 15-ml conical centrifuge tubes and spun 
down. The cellular elements of each are then identified 
by histological examination of stained smears. The 
layers, in our experience, have consisted of: cell-free 
saline; malignant cells with or without mesothelial cells, 
layered at the saline-albumin interface; albumin, more or 
less cell-free; erythrocytes, leukocytes, and debris. The 
relative composition of these layers varies with the spe- 
cific density of the albumin used. 

We have studied so far three pleural and two abdom- 
inal fluids which, by conventional techniques of histo- 
logical examination, were found to contain malignant 
cells. The diagnoses were adenocarcinoma with pulmon- 
ary metastases, primary site unknown (two fluids), pri- 
mary carcinoma of the lung, and colloid carcinoma of the 
stomach and adenocarcinoma of the stomach, both with 
peritoneal metastases. Pilot experiments were also ear- 
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Fies. 3, 3A, and 3B. 
patient having adenocarcinoma with pulmonary metastases. 


background of erythrocytes, leukocytes, mesothelial cells, and cellular debris. 


3—Photomicrograph of a smear prepared in the conventional manner from the pleural fluid of a 
One large malignant cell can be made out against a confusing 


Papanicalaou stain. Magnification x 200. 


3A and 3B—Photomicrographs from a smear prepared from the same pleural fiuid after flotation of the malignant and 


mesothelial cells on albumin. 
which failed to separate. Wright’s stain. 
ried out on two pleural fluids containing mesothelial and 
blood cells but devoid of malignant cells. The best con- 
centration of malignant cells was achieved with albumin 
dilutions of 3.2 ml and 3.4 ml made up to 5 ml, corre- 
sponding to specific densities of about 1.05 and 1.06. It 
has been shown that normal erythrocytes have a specific 
density of about 1.09, and leukocytes vary from 1.07 to 
1.08 (2). These cells would be expected to sink through 
the albumin to the bottem of the tubes, and this is, in- 
deed, the case. Relatively few erythrocytes and leuko- 
cytes are found at the interface. Mesothelial cells and 
histiocytis are regularly found with the malignant cells. 
Although there have been varying degrees of segregation 
of these two cell types, we have not yet determined the 


Several large cancer cells now stand out clearly in each field. 
Magnification x 200. 


A few erythrocytes remain 


point of maximal separation of these cells from cancer 
cells. 

An admixture of mesothelial cells and histiocytis is not 
particularly objectionable when the method is used simply 
as an aid to the cytological diagnosis of cancer from 
bloody fluids. It is, however, a great advantage to be able 
to eliminate largely the numerous blood cells which often 
seriously interfere with detailed examination of malignant 
cells. Fig. 3a shows the sediment of one of the pleural 
tiuids prepared by the conventional procedure. One large 
malignant cell is seen more or less obscured by an abund- 
ance of intact and hemolyzed red blood cells, leukocytes, 
and mesothelial cells. Figs. 3a and 3b show the material 
separated from the same fluid by albumin flotation. A 
number of malignant cells are now clearly visible with 


Fies. 4 and 4A. 
4— Photomicrograph 
of the control smear 
presented in Fig. 
but at half the mag- 
nification. Three 
cancer cells can be 
: seen in this micro- 
é scopic field. Papani- 
ealaou stain. 
nification x 100. 4A 
—A microscopic field 
of the same area 
from a smear made 
after albumin flota- 
tion. Many malig- 
nant cells are vis- 
Wricht’s stain 
Magnification 100. 
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only a few contaminating blood and mesothelial cells. 
In Fig. 4 photomicrographs from the same preparations 
are shown at half the magnification. A comparison of 
Fig. 4 with 4a reveals the amount of concentration of 
malignant cells which has taken place. In the control 
smear, Fig. 4, three cancer cells can be made out, while 
in the same area of Fig. 4a, prepared after flotation, a 
score or more can be identified. 

This study has revealed information about the specific 
density of certain malignant cells found in pleural and 
abdominal fluids of cancer patients, making possible an 
improvement in the present method of examining such 
fluids for the diagnosis of cancer. Apart from its pos- 
sible clinical value, the method shows promise of pro- 
viding means. of obtaining relatively pure populations 
of neoplastic cells for chemical and physical investiga- 
tions. Experiments now in progress suggest that, with 
certain modifieations, the method may be applied to ‘the 
concentration and segregation of desquamated malignant 
cells in vaginal fluids by elimination of certain other cell 
types from the total population. 
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A Multiple-Standard, Vertical-View 
Comparator for Microdeterminations 


Henry O. Schulze 


Bethesda, Maryland 


The author developed the apparatus to be described in 
response to needs of the Department of Bacteriology of 
the Johns Hopkins University School of Medicine. When 
used for pH determinations, this device, based on the 
same colorimetric principle as that of the horizontal-view 
comparator of Gillespie (1920), employs three glass cups 
arranged in a vertical series to form a standard against 
which is compared a single test cup containing a speci- 
men sample with 1 ml of indicator solution. Light passes 
upward from the light-source base through the cups to 
the observer. Fig: 1, a diagrammatic cross sectidn 
through the comparator, summarizes the principle of the 
cup and comparator design in a working arrangement us- 
ing Gillespie ‘‘drop-ratio’’ standards. 

The light-source base, a box, the inside surfaces of 
which are painted dull white, has a sloping frosted glass 
window across the entire back side (not shown in Figs. 
2 and 3) and a sloping front side. This design serves 
better to receive the light of the usually available illumi- 
nation and distribute it uniformly over the reflecting floor 
of the base. A sliding panel may be grooved into the 
floor so that painted standards may be used for rough 
work. 

The base supports two trays, ‘‘eup racks,’’ one above 
the other. These may be seen in the unassembled view, 
Fig. 2. The lower rack has been left on the base. Dowels 


Test Cup with Specimen —— 
Sample and I ml. Indicator. 


Test Cup Holder 
(Moveable) . 


tandard Cup with Salt 
Form of the Indicator. 


Fie. 1. 


keep the racks in proper alignment. In the comparator 
shown provision has been made for the’ simultaneous use 
of two indicators, that is, each rack has two rows of ‘‘ cup 
holes’’ separated by a middle row of simple ‘‘ optical 
holes.’’ Each row has thirteen holes and the eup racks 


Fie. 2. 


are identical with respect to their plan views. In Fig. 
2 some cups are left out of the cup holes of the front 
and back standard row better to expose these holes to 
view. Metal hooks are attached at the ends of the base 
and these engage pins in the upper cup rack, thereby 
serving to hold the cup racks‘ and base together as a 
single unit. 

Finally, there is the ‘‘test cup holder’’ which slides on 
top of the upper cup rack. This has three eup holes. A 
test cup containing indicator and specimen may be placed 
in the middle hole and conveniently compared with 
standards of the same indicator by moving the holder 
into positions over the various standards in the cup racks 
below. Just below the test cups there is a slot in the 


block of the test cup holder into which color filters may 
be inserted. All surfaces, except the inside of the base, 
are painted dull black. 


1 Wratten filters, obtainable at Eastman Kodak stores, are 
satisfactory. 
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All the cup holes are }3 in. in diam and are spaced 
+ in. apart in both directions. At the bottom of every 
eup hole is an inward flange leaving an optical hole 3 in. 
in diam. These flanges serve to support the cups and to 
restrict the light paths to the central areas of the same. 
A last important dimension is the distance between the 
floor and the ceiling of the light-source base. This should 
be not less than 33 in. 

The cups used with this comparator are made from flat- 
bottomed glass shell vials, 17.0 mm outside diam and 
75 mm long. The flat bottoms are softened in an air- 
blast flame and blown out 1.5 to 2.5 mm beyond the bot- 
tom edges of the vials. The resulting convex curvature is 
more than sufficient to compensate for the concavity of 
the central areas of the meniscuses of the aqueous solu- 
tions contained in the cups. This operation results in 
test cups. Standard cups are made by cutting off test 
cups to a length of 13 mm. The test cups used to make 
standard cups must be selected so that the inside diam 
may not vary more than 0.2 mm if Gillespie standards 
are to be used. If buffer standards are to be used, the 
variation may be 1.0 mm. Vials which have entirely flat 
and uniform bottoms may be used without blowing out 
for test cups or standard cups, but all solutions placed in 
such cups must be layered with a clear white mineral oil 
or mineral spirit so that flat meniscuses are formed. 

Accessory equipment and materials are as follows: 
(1) A mixing pipette which has a small delivery opening 
and is fitted with a 2-ml rubber bulb. (2) Pipettes, Mohr 
type, l-ml capacity and 0.01-ml divisions, not graduated 
to the tip. (3) Distilled water in a suitable Pyrex or 
other chemically inert bottle or flask. (4) A solution of 
N/1 NaOH in a bottle with a dropping pipette. (5) A 
solution of N/1 HCl and (6) a solution of 1% acetic 
acid in dropping bottles. (7) Solutions of indicators in 
20% alcohol and adjusted to near their respective pK 
values. The indicators are used in concentration of 
0.004% or 0.006%. 

Procedure for preparing the standards is as follows. 
The cup racks are placed before the operator as shown in 
Fig. 2. The cup holes are filled with clean dry cups. 
One-ml amounts of the desired indicator solution are di- 
vided between vertical pairs of cups in a standard row 
aecording to the drop-ratio system of Gillespie. Begin 
with the first pair of cups at the left end, adding. nothing 
to the upper cup and 1.0 ml indicator solution to the 


lower. To the-next’pair add-0.1 ml to the upper cup and 


0.9 ml to the lower cup. Complete the distribution of 
drop-ratio aliquot amounts to the other pairs of cups 
from 13: 84 to 9:1. The reader is referred to the chart 
by Gillespie giving pH values for the drop ratios for 
various indicators. To the last pair of cups at the right 
there is added to the upper one the entire 1.0 ml of in- 
dicator solution. If the use of a second indicator is de- 
sired, a set of standards is prepared in the same way at 
this time in the other standard row. To every cup in 
the upper cup rack is added one drop of alkali solution 
and to those in the lower rack, one drop of acid solution. 
Then, with the mixing pipette, a brisk jet of distilled 
water is added to each eup so that the rims of the menis- 


cuses are about 1 mm below the rims of the eups. The 
eup racks are then replaced onto the base and made fast 
with the hooks. On this assembly the test eup holder is 
placed. The comparator is placed so that the window 
is squarely facing a light source and is then ready for 
use (Fig. 3). 

Exactly 1.0 ml of the indicator solutions used for mak- 
ing the standards is pipetted into the test cups. Ap- 
proximately 1.0 ml of distilled water is added to the 
other (control) test cups. The cup containing indicator 
is placed in the central hole of the test cup holder and 
one containing water, over the standard to be used (sce 
Figs. 1 and 3). The specimen (broth culture or solution) 
to be tested is added drop wise, alternately, to both cups 
until there is no longer any change of color in the eup 
containing indicator. The color of the specimen and in- 
dicator mixture is then compared with the standards by 
moving the test cup holder along until the closest match 
is obtained. The drop-ratio pH chart is then referred 
to for assigning a pH value to the specimen. 


Fig. 3. 


The exploratory stage of making determinations may 
be dispensed with after one is confident of the minimum 
amount of specimen to use. This is true particularly of 
bacteriological media and cultures.-- Practically the same 
amount is necessary for making determinations, regardless 
of the pH, in the ease of a given medium that is nor- 
mally-within. the’ pH_range:of ‘such solutions. During the 
exploratory stage the operator will become aware of the 
buffer effect of indicator solutions. This effect is mini- 
mized, but not eliminated, by having the indicator solu- 
tions adjusted to near their respective pK values (their 
intermediate tint) and at as low concentration as can be 
satisfactorily used. 

The choice of color filters is left to the operator. 
Tizard (7) obtained better results with the use of the 
yellow light of a earbon filament lamp while measuring 
color densities of methyl orange and of methyl red at 
various hydrogen ion concentrations. Clark and Lubs 
(3) recommend the use of a light screen made of trans- 
lucent paper coated with an acid solution of phenol-sul- 
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fonphthalein to eliminate dichromatism as encountered 
with bromeresol purple. 

The advantages of this comparator are as follows: 

1. It minimizes eyestrain, the vertical view arrange- 
ment resulting in (a) a flat uniform field of light and 
(b) the elimination of direct glare from the light source 
which is often experienced with horizontal view devices, 
and the reflected glare from white opaque plates used 
in other microtechniques. 

2. Good results may be obtained with twilight that is 
yet strong enough to read newsprint. 

3. By the inclusion of maximum-minimum control 
standards and the use of partial color filters the entire 
range of an indicator may be used with good results. 

4. It is adaptable to the aseptic technique used by 
bacteriologists. This minimizes the danger of splattering 
culture over the field of operation, such as is a hazard 
with the methods of Brown (2) and Felton (4). 

5. The test cups are disposable in the same manner as 
are culture tubes, eliminating the hazard of infection 
from improperly disinfected electrodes when a poten- 
tiometer is used. 

6. The depth of the test cups allows room for (a) add- 
ing enough of a poorly buffered specimen to overcome 
the buffer effect of the indicator solution, (b) adding a 
deep layer of oil to protect the test from the atmosphere 


if so desired, and (c) titration of 1.0 ml or less of a 
specimen for determination of total acidity or the buffer 
index (1). 

7. The accuracy is comparable with that of the Gilles- 
pie method (5) under optimum conditions. 

§. There is provision for a specimen control cup which 
is not employed in the methods of Brown (2), Felton (4), 
and Haas (6). 

9. Convenience and rapidity of operation result from 
the mechanical design and from the constant indicator 
intensity, regardless of the depths of the solutions in the 
test and standard cups. The apparatus is much simpler 
to use than to describe. 

10. The device is adaptable to other types of color- 
imetric and turbidometric determinations. 

11. The use of reflected light makes possible the use 
of permanent painted standards. 
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Effect of Panparnit on Brain Wave Changes 
Induced by Diisopropyl Fluorophosphate 
(DFP) 


C. F. Essig, J. L. Hampson, P. D. Bales, Alice Willis, 
and H. E. Himwich 


Medical Division, Army Chemical Center, Maryland 


The intracarotid injection of the anticholinesterase, di- 
isopropyl fluorophosphate (DFP) in curarized rabbits 
produces grand mal-like electroencephalographic (EEG) 
patterns (2). These abnormal brain waves are asso- 
ciated with extremely low cholinesterase levels of cerebral 
cortex, midbrain, cerebellum, and medulla (4). We are 
thus confronted with presumptive evidence that DFP acts 
as a convulsive agent by permitting the accumulation of 
acetylcholine. This proposed mechanism receives some 
support by virtue of the ability of atropine to prevent 
or abolish the grand mal-like EEG patterns (2). How- 
ever, trimethadione (tridione), sodium pentothal, and 
phenobarbital, although not anticholinergic drugs, have 
a similar effect on cerebral convulsive activity induced by 
DFP (6). It is interesting to note that none of these 
anticonvulsant agents raises the depressed cholinesterase 
levels in the brain (6). 

Panparnit, a drug with an imposing and diverse array 
of pharmacologic actions, has been added to the list of 
drugs reportedly effectual in treating postencephalitic 
Parkinsonism (8). This drug (diethylaminoethylester of 
phenyleyclopentane carboxylic acid) is grouped with the 


synthetic smooth muscle spasmolyties. Panparnit further 
resembles atropine in producing relatively mild anti- 
cholinergic effects on the vegetative nervous system. 
Domenjoz, who described these Panparnit characteristics, 
also states that it has a curariform effect on frog skeletal 
muscle (1). Gruber and associates (3) report that this 
agent abolishes decerebrate rigidity in cats by virtue of 
a central mechanism. Heymans and Estable (5) describe 
Panparnit as being anticonvulsant. These authors also 
state that Panparnit protects against high doses of 
acetylcholine, pilocarpine, diisopropyl fluorophosphate 
(DFP), strychnine, and metrazol. It was decided to 
test, by electroencephalographic assay, whether the anti- 
convulsant property and the protective function of Pan- 
parnit would combine to make this drug an effective 
curative for DFP-induced grand mal-like convulsions. 
Albino rabbits were prepared under local procaine 
anesthesia (2%). The trachea was cannulated for arti- 
ficial respiration, both carotid arteries were exposed for 
the injection of DFP (1 mg/ml in distilled water), and 
steel electrodes were pressed through the skull over each 
cerebral hemisphere. Monopolar corticograms from each 
side of the brain and an electrocardiogram were recorded 
simultaneously on a four-channel Grass apparatus. The 
animals were curarized and placed under artificial respi- 
ration. Small doses of atropine (0.02 mg/kg) were used, 
sufficient to protect the heart until grand mal-type brain 
waves were obtained. This dose of atropine is too small 
to abolish cerebral hyperactivity. DFP was injected into 
one carotid artery at 12-min intervals in doses of 0.5 
mg/kg, a little higher than the LD. Two to three such 
doses were required to produce bilateral grand mal-like 
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patterns on the EEG record. After such records were 
obtained Panparnit was administered intravenously in 
doses of 2-4 mg/kg. The cholinesterase values in percent 
of normal were determined in right cortex, left cortex, 
and right midbrain using Michel’s method (7). 

The therapeutic influence of Panparnit upon both brain 
waves and heart is shown in Fig. 1. This drug effectively 
abolished the grand mal-like patterns produced by DFP 
in each of ten instances. Panparnit was given in doses 
of 4.0 mg/kg in seven cases, 3.0 mg/kg in one case and 


PAS 


Fie. 1. Effect of Panparnit in abnormalities of brain and 
heart. A—dAfter intracarotid injection of DFP (1.5 mg/kg). 
Grand mal-like electroencephalogram and profound disturb- 
ances of cardiac function. Top tracing from right cerebral 
cortex. Middle tracing from left cerebral cortex. Lowest 
tracing electrocardiogram. B—After intravenous injection 
of Panparnit (4.0 mg/kg). Elimination of abnormalities in 
electroencephalograph and electrocardiograph. Same order 
of tracings. 


2.0 mg/kg in two cases. All spiking ceased within 3-4 
min and was supplanted by patterns characterized either 
by delta-like waves or somewhat low potential aperiodic 
activity, resembling the control EEG. Although Pan- 
parnit abolished the abnormal EEG activity the cholin- 
esterase levels of both cerebral cortices and right mid- 
brain remained depressed. The cholinesterase values 
varied from 0.4% to 2.9% of normal, which is the ex- 
pected range following the administration of DFP in 
doses of 1.0-1.5 mg/kg. The influence of Panparnit on 
the heart was manifested in those instances where the 
cholinergic action of DFP produced bradycardia and al- 
tered electrocardiogram (ECG) patterns concomitantly 
with convulsive-type EEG records. Panparnit appears 
capable of restoring such ECG records to normal pattern 
and rate. 


Because Panparnit resembles atropine pharmacody- 
namically, in some respects, additional therapeutic ex- 
plorations should be made to determine the influence of 
Panparnit in conditions associated with overactivity of 
the parasympathetic system, as well as on the convulsions 
produced by anticholinesterase drugs. 
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Development and Viability of Drosophila 
melanogaster on a Medium Containing DDT 


Bernard Fram Kalina’ 


Department of Zoology, State University of Iowa, 
Iowa City 


It has been reported (1, 3) that the wild Musca domes- 
tica L. have become resistant to DDT in certain locali- 
ties. With this in mind the author has attempted to 
inerease the DDT resistance of Drosophila melanogaster 
by selection. The experiment is still in progress, but 
the incidental observations described here seem suffi- 
ciently interesting to warrant separate publication. 

Technical DDT was dissolved in CCl, (C. P. Baker’s 
Analyzed) and mixed thoroughly with a boiling corn- 
meal-agar-molasses medium. To insure evaporation of 
the solvent the resultant medium was boiled 5 min. The 
concentration used in these experiments was DDT 5 ppm 
of culture medium. Controls were cultured in normal 
medium for each experiment. In addition, a series of 
tests were conducted to ascertain the effects, if any, of 
CCl, added to normal medium. These cultures developed 
at the same rate and in the same manner as did the nor- 
mal controls. 

Wild-type adult flies 4-6 days old were introduced 
into 4-0z. bottles containing the experimental medium. 
All cultures were kept at 24°+1° C. Frequent compar- 
isons were made of the experimental and control bottles. 
Altogether, 11 experiments of this type were run. 

All controls were normal, the adults emerging in 10 
days. The adults of the DDT cultures were unaffected 
by the altered food. Egg production, hatching, larval 
development, and the early stages of pupation were nor- 
mal, but development was somewhat slower than in the 
control bottles. The later stages of pupal development, 
however, were abnormal, since the imagoes usually failed 
to emerge; in some cases, however, adults did emerge 
but immediately exhibited symptoms of DDT poisoning. 


1The author wishes to thank Dr. E. H. Slifer for her sug- 
gestions and criticisms. 
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Extreme weakness, marked tremors, and an ataxic gait 
were evident. Such a fly was unable to spread its 
wings and hopped about erratically, frequently falling 
on its back. There was a decrease in ability of the insect 
to rise, until finally it could no longer right itself. A 
subsiding of activity accompanied by intermittent 
twitches followed. This continued for approximately 24 
hr until death occurred. An attempt was made to save 
some of the flies by transfer of pupae from the experi- 
mental medium to a DDT-free medium. All of the flies 
which emerged from these pupae died, as did those al- 
ready described. 

Recent reports (2, 4, 5, 6) indicate that in mammals 
during starvation, DDT stored previously may be mobil- 
ized and have a harmful effect. The condition in Droso- 
phila melanogaster appears to be analogous. DDT ab- 
sorbed with food by the larvae is probably stored in the 
fat body. Later, during histolysis of the fat body in 
the pupae, DDT may be released in sufficient quantities 
to produce toxic effects. 
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Microscopic Observation of the 
Living Tooth Pulp’ 


A. Cecil Taylor 


Department of Anatomy, 
New York University Dental College, New York City 


There are centain advantages in being able to observe 
a living tissue microscopically while it retains its nor- 
mal relationship within the animal. Even though by 
this method many structural and cytological features may 
be less clearly seen than in fixed and stained tissues, 
there is the distinct gain of being able to observe spatial 
and temporal changes as they occur either naturally or in 
response to experimental treatment. The pulp of a 
tooth, although protected by dense hard tissues, may 
readily be exposed to view in the rat incisor by the 
excavation of an ‘‘observation window’’ through these 
protective layers. By means of such a window it has 
been possible, especially with the use of appropriate vital 
dyes, not only to study characteristics of the blood flow, 
but to observe activities of certain of the celis composing 
the pulp. 

1This investigation was supported by a research grant 
from the U. S. Public Health Service. 


Since grinding of the window must be done under 
magnification by a dissecting binocular microscope, it is 
necessary to hold the tooth steady in the field. This was 
done by placing the anesthetized rat on its side and in- 
serting the incisors into notches cut in a suitable block 
of wood that had been attached to the animal board. 
With the teeth thus firmly heid, the distal (lateral) sur- 
face of one incisor was ground away with a size 4 
dental burr. In order to facilitate adequate illumina- 
tion of the pulp, the excavation was made to extend from 
labial to buccal margins and from the gingiva for a 
distance of 2-4 mm toward the incisal edge. 

Grinding was done under the low powcr objective until 
the pink color of the pulp vessels became clearly visible 
through the remaining dentine. The exposed dentine was 
then flooded with a drop of mineral oil to prevent desic- 
cation of the dentinal fibres and filling of the dentinal 
tubules with air. Under higher. magnification (45x or 
90x), the cutting was then continued, with great care 
to use progressively lighter pressure on the burr as the 
remaining dentine became thinner. Grinding was 
stopped while a thin layer of dentine still remained in 
tact over the delicate pulpal tissue. Some practice was 
necessary in judging the thickness of this layer «ud in 
avoiding any break-through into the pulp whi’: would 
cause rupture or occlusion of the blood vesseis. This layer 
could be reduced to a thickness of about 30 y with eare- 
ful grinding and, although not perfectly transparent, it 
permitted observation of individual corpuscles in the 
capillaries and movements of macrophages through the 
pulp after injection of methylene blue into the blood 
stream. 

Through such an observation window the effects upon 
the flow of blood in the pulp were observed after various 
experimental manipulations. Retracting stress applied to 
the incisor was found to retard or stop the flow of blood. 
Electrical stimulation of the cervical sympathetic chain 
also slowed or stopped the flow, depending upon the 
duration of the stimulus. Stimulation of the distal 
stump of the severed inferior alveolar nerve or of the otic 
ganglion produced no observable effect. The manner in 
which the sympathetic impulse alters the blood flow is not 
as yet clear, since no change in caliber of arterioles 
within the pulp was detected. Furthermore, venous flow 
appeared to cease before’ arterial flow. These and other 
facts suggest that there may exist some special mechanism 
for the eontrot of blood circulation in the teeth. 

Observations can be made through the same window 
on successive days if no injury has been done to the 
pulp. However, in the rat incisor, which is continually 
erupting and wearing off, the window will move toward 
the incisal edge and will pass beyond the living pulp 
within 3 or 4 days. Attempts to study the pulp in 
teeth of cats, dogs, and monkeys have not met with 
the same success as in the rat, although in favorable 
cases the rate of blood flow through single vessels could 
be determined. Probably the difference in structure of 
the odontoblastic layer and arrangement of pulpal vessels 
accounts for the difficulty of observing them ir these ani- 
mals by the method which was successful in the rat. 
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Comments and Communications 


Radio Noise of Ionospheric Origin 


Numerous investigators (Dellinger, J. H. J. appl. 
Phys., 1937, 8, 736; Heightman, D. W. Wireless World, 
1938, 356; Stetson, Harlan T. Science, 1948, 108, 354) 
have reported observation of a special type of radio noise, 
frequently associated with ionospheric disturbances. In 
most of these cases no source of the noise was indicated, 
although a few investigators suggested that it originated 
in the ionosphere (Arakawa, D. Rep. rad. Res. Japan, 
1936, 6, 31; Nakaganic, M. and Miya, K. Electrotech. 
J. Japan, 1939, 216; Watts, J. M. Terr. Mag. atm. Elec., 
1946, 51, 122). For the past two years, measurements 
of cosmic noise have been carried out at the Central Radio 
Propagation Laboratory at frequencies of 25, 50, 75, and 
110 megacyeles. The antennas for these measurements 
consist of half-wave dipoles one-quarter wavelength above- 
ground. These have broad patterns so that radiation 
from nearly the entire sky is received. On numerous 
oceasions, large amounts of noise were observed for sus- 
tained periods of several hours, which exceeded the record- 
ing limits of the instruments. Because of the broad pat- 
terns of the antennas, it seemed unlikely that this noise 
could originate in the sun, and an effort was made to 
determine whether the noise was coming from the entire 
sky or from the sun alone. 

An opportunity to check this effect was afforded on 
November 23, 1949, when the recorders went to the 
seale limits. A solar radiometer was available at the 
time, adjusted to a frequency of 50 megacycles. It eon- 
sists of a 25-foot Wurzburg type parabola excited with a 
folded-dipole antenna and reflector elements each approxi- 
mately 9 feet in length. During the period of high noise 
level, the solar radiometer was directed ai different parts 
of the sky, with the result that no appreciable decrease 
in the intensity of the radiation was observed. The radio 
noise field intensity was approximately sixfold that nor- 
mally received from a quiet sun. Only when the antenna 
was directed toward the ground did the radiation fall off 
appreciably. A solar radiometer operated at 480 mega- 
eycles and pointed directly at the sun showed no unusual 
disturbances. Although the pattern of the Wurzburg 
antenna is very broad, this seems to be sufficient evidence 
that the radiations observed were coming from the entire 
sky and not from the sun. Presumably, this radio noise 
was of terrestrial origin, generated in the outer atmos- 
phere of the earth. 

HERMAN V. CoTTONY 
National Bureau of Standards, Washington, D. C. 


Errata 


In our recent article (‘‘Production of Mesons by 
X-Rays,’’ by Edwin M. McMillan, Jack M. Peterson, 
and R. Stephen White,’’ Science, December 2), the see- 
ond sentence in the last paragraph on page 581 contains 
a typographical error. When a negative x-meson is made 


by a photon striking a neutron, the products are x- and 
p+, not x- and z+. Also, near the center of page 580, in 
the third paragraph ‘‘ = mesons’’ was incorrectly printed 
for ‘‘x-mesons.’’ 

Epwin M. McMILLan 
Radiation Laboratory 
University of California, Berkeley 


Scientists’ Responsibility for Preventing War 


The article ‘‘Scientists, Scientific Societies, and the 
Armed Forces,’’ by Herman S. Wigodsky, in the August 
5 issue of Science is clearly reasoned; it definitely needed 
to be written. Scientists ought to be grateful to Dr. 
Wigodsky for having opened this question. 

In two respects, however, I believe the article is, shall 
I say, too brief. That is a soft way of saying something 
that could be said with hardness, but would probably be 
misunderstood. Of the two, the minor one is that he 
says: ‘‘A mechanism ean be established whereby scientific 
societies and academic institutions may assist the armed 
forces in obtaining necessary scientific personnel of suf- 
ficiently high caliber to meet the needs.’’ This sounds 
very much like assigning (drafting) people. Possibly it 
only means publicity that would encourage voluntary en- 
listment. 

My other point is a major one. Dr. Wigodsky refers 
almost casually to a coming conflict, and to the obvious 
great importance of scientists when that ‘‘national emer- 
geney’’ comes. But what about encouraging academic in- 
stitutions, scientific societies, and individual scientists to 
take up the job of preventing the war? In that service 
is where true patriotism and civie duty lie. There is the 
Number One job; war tools are necessary, probably, but 
second. 

Of course one could argue that by turning our great 
scientific ability to the help of the armed forces we might 
make such a big noise that temporarily we could provide 
America with a peace-by-foree-and-bluster. There is 
something to be said for that. But should not Dr. Wi- 
godsky, or someone equally as eloquent, write an article 
for Science on the responsibility of scientists and scien- 
tifie societies to work with triple effort on the job of con- 
struction rather than destruction, on the problem of sur- 
vival rather than questionable domination, on the job of 
preventing the ‘‘national emergency ’’ to which he refers? 

There are a few people of my acquaintance (very few, 
but possibly many more of Dr. Wigodsky’s) who believe 
we could have a jolly good war, with our scientists being 
exceedingly ingenious and murderous, and still save eivili- 
zation for the further advance of science and human wel- 
fare. But most of us who think hard about it, and who 
look at the continuing tragedy of the last conflict, have 
grave doubts about the outeome of World War III. 

I still believe that a good job has been done in opening 
this question. I hope the scientific societies may get more 
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socially conscious, that they may work for the construc- 
tions of peace as hard as they work for the destructions 
that are probably inevitable if we build further our al- 
ready overwhelming military might. 

HARLOW SHAPLEY 
Harvard College Observatory, 
Cambridge, Massachusetts 

It is not my purpose either to enter into a debate with 
Dr. Shapley concerning several of the points raised in his 
letter or to defend the statements I made in my article, 
but rather I desire to supplement these statements in 
order to clarify any misunderstanding. 

In regard to the first of the two points raised, I cer- 
tainly did not mean to imply a draft of scientists. I 
stated, ‘‘The medical profession, having failed to take 
similar action in the face of a parallel and long-standing 
problem, is now faced with a draft. Will a similar 
crisis be required to stimulate scientists?’’ I believe that 
a draft of scientists would be an admission of failure on 
the part of science as a whole and on the part of the 
military—failure to establish conditions conducive to re- 
search in the armed services. My feeling is that science 
has an obligation to see that the armed services are 
made attractive to scientists. Having done this, science 
has a further obligation to assist the services in staffing 
military research organizations by encouraging scientists 
to enter the armed forces and by assuring them that they 
will have the weight of organized science behind them. 
I have opposed (somewhat vociferously) a draft of medi- 
cal personnel, and I would oppose equally a draft of sci- 
entists. However, I do believe that unless physicians in 
the field of medicine, and scientists in their field, take 
vigorous action soon, the physicians certainly and the 
scientists probably will be faced with a draft in the 
future. 

Dr. Shapley’s second point is an exception to my tacit 
assumption that there will be another world conflict. I 
have made this assumption on the basis of world events 
since the end of World War II which indicate that man 
has not changed his attitude toward war, and on the his- 
torical basis of man’s previous approach to the solution 
of his problems in international relations. I will not say 
that World War III is enevitable, but based on these 
two observations, I do believe that it is likely. In view 
of this, it appears to me that scientists have a double 
obligation—to work for peace, but at the same time to 
prepare for national defense. I do not believe that these 
two obligations are in conflict. 

I am in complete agreement with Dr. Shapley regarding 
the desirability and necessity of scientists’ working toward 
a permanent peace not because they are scientists, but 
because they have been trained in a way of thinking that 
views war as the absurdity and illogicalness it is. It has 
been my experience, however, that scientists all too fre- 
quently shed their fine scientific way of thinking with 
their laboratory coats. I share Dr. Shapley’s hope that 
‘‘the scientific societies may get more socially conscious.’’ 
My article is objective evidence of this. 

I support wholeheartedly any logical unemotional ef- 
forts by scientists or anyone else to establish a permanent 


peace. This is consistent with a scientific training and 
particularly with a scientific way of thinking. At the 
same time, I am convinced that, for the preservation of 
our way of life, it is imperative that we provide ourselves 
with the strongest possible national defense until such 
time as a permanent peace is established. Such a strong 
national defense can come about only as the result of 
the cooperation of scientists and the armed forces. 

I appreciate greatly Dr. Shapley’s good letter and the 
motives which prompted him to write it. 

HERMAN S. WIGODSKY 

Silver Spring, Maryland 


The Probit Method 


In ‘‘Application of Probits to Sweet Corn Earliness 
Data’’ (Science, May 27), Gordon Haskell proposes the 
use of the probit method to estimate 50 percent silking 
time of corn from data showing tassel date for each plant 
separately. This is a sufficiently common misapplication 
of the probit method to justify a correction. 

In his opening remarks on the probit method D. J. 
Finney says on this point, (Probit method, Cambridge: 
University Press, 1947. P. 14) ‘‘If the tolerance [read 
tassel date, J. C.] of each subject has been separately and 
independently determined, the set of values obtained may 
be subjected to the same analytical processes as measure- 
ments of length or weight; the estimation of means and 
standard errors, the comparison of distributions, and the 
making of tests of significance present no new features.’’ 
In short, when tassel dates are available separately for 
each plant, the 50 percent tassel date may be computed 
directly as the median of the recorded tassel dates. If 
the sample data have been drawn from a normally dis- 
tributed population, as is assumed by Haskell, a more 
efficient estimate would be the mean tassel date. The 
mean tassel date can of course be computed by converting 
each observed tassel date to days from some convenient 
reference date, such as July 1 or July 15. Similarly, the 
slope of the probit line can be computed as the reciprocal 
of the standard deviation of the individual tassel times. 

The basic reason for the inapplicability of the probit 
method in this and similar problems in which individual 
measurements are available for each experimental subject 
is that the assumptions on which it is based are not satis- 
fied. The probit method assumes that the sample data 
showing percent having silked on or before a given date 
are statistically independent. That this assumption is 
not satisfied in the present example is apparent from the 
fact that if the sample showed that 10 percent of the 
plants had tasseled by July 20, it would of necessity show 
that 10 percent or more had tasseled by July 21. In the 
pharmacological and other applications in which the as- 
sumptions of the probit method are satisfied, no such 
necessity exists. It is possible, and frequently happens, 
that a larger proportion of animals in an experiment are 
killed by a low than by a high dose of a toxic substance. 
A linear relation between probits and stimulus is a nec- 
essary, but not, as is sometimes assumed, a sufficient con- 
dition for the applicability of the probit method. 
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The price one pays for using the probit method when 
the assumptions on which it is based are not satisfied is 
that one’s estimates of the ED,, (e.g., 50 percent tassel 
time) is subject on the average to a larger error than 
the estimate yielded by the sample mean. In fact, when 
the underlying distribution is normal no estimate will 
have smaller average error than the sample mean. In ad- 
dition the computation of the sample mean and standard 
deviation involves considerably less work than the use of 
the probit method. This pleasant concatenation of cir- 
cumstances is not as frequent in statistics as it might be 
and should not be overlooked when it occurs. 

JEROME CORNFIELD 
National Institutes of Health 
Bethesda, Maryland 

I am interested in the comments made by J. Cornfield 
on my note on the application of probits to sweet corn 
earliness data. I did assume that the population had a 
normal distribution for flowering date, but I based my 
application on the general shape of the original curves in 
Fig. 1. 

My attention has also been drawn by Ray Barratt to 
his paper ‘‘ Alternaria Blight versus the Genus Lycoper- 
sicon’’ (Tech. Bull. 82, N. H. Agric. Exp. Sta., 1944), 
in which he uses an arithmetic probability curve to allow 
comparison of percentage yield and percentage defoliation 
on the same scale. As my application is similar in prin- 
ciple to that of Dr. Barratt, the use of ordinary prob- 


ability paper would suffice. 
y pap GORDON HASKELL 


John Inncs Horticultural Institution 
London, England 


On Gates’ Human Ancestry 


I should like to comment briefly upon W. R. Krogman’s 
review of R. Ruggles Gates’ Human ancestry from a ge- 
netical point of view (Science, July 1, 1949). A reviewer 
is certainly entitled to say what he thinks about a book; 
but «t the same time he is, I believe, obligated to give his 
readers a fair and unbiased estimate of another man’s 
work. This Krogman has not done. 

Dr. Gates recognizes five species of mankind, which for 
him differ mentally as well as physically. He makes the 
following statements (all quoted by Krogman): ‘‘ This 
eighteenth century doctrine [that ‘all men are born free 
and equal’] is hopelessly at variance with the facts of 
seience’’; ‘‘. . . there is no question of the inheritance 


of mental abilities and disabilities’; ‘‘. . . the mental 
differences between races remain and cannot be gain- 
said.’’ Dr. Krogman objects to what he ealls this ‘‘se- 
quential build-up’’ on the ground that ‘‘the reader is 
led, even though perhaps unconsciously, into a racist pat- 
terning of thought, both culturally and biologieally’’ 
(italics mine). 

To this writer all of Gates’ statements are aceurate 
and are well authenticated by readily available evidence. 
Whether we like them or not, they are facets which we 
must honestly face and make the best of. Use of the 
term racist is, I believe, as unnecessary as it is irrelevant. 
This word, to be sure, is a favorite with literary anthro- 
pologists who write for popular consumption, and is some- 
times effective, I suppose, with timid souls. But like red 
and fascist it is a scare word, an evaluative (and usually 
derogatory) rather than a scientific description. 

I agree with Krogman that Gates’ book is somewhat 
uneven in quality and is often hard reading. But I do 
not agree that it is a ‘‘bad’’ beok or is ‘‘not a good’’ 
book. On the contrary, its emphasis upon biology pro- 
vides a much needed and refreshing antidote to the wish- 
ful thinking of the apostles of the ‘‘new anthropology.’’ 
It should be read by every psychologist, and should be re- 


quired reading for all sociologists. 
HENRY E. GARRETT 
Department of Psychology 


Columbia University, New York City 

I am accused of being biased. I admit it. I am biased 
against anything that will either directly or by implica- 
tion give support to those who are prejudiced against 
other peoples. I do not retzeat from my stand that this 
book trends in that direction. Mr. Garrett must please 
note that in my review I used the term racist only after 
the author had first implied it when he referred to ‘‘the 
mental differences between races.’’ The author wrote 
from a ‘‘ genetical point of view.’’ This means a biologi- 
cal point of view. The logical assumption becomes that 
the so-eailed ‘‘mental differences between races’’ are ge- 
netically or biologically based. I wish to affirm my own 
feeling that no one has really proved mental differences 
on a racial basis; what they really mean is a eultural 
basis. 

I agree with Garrett that psychologists and sociologists 
should read this book—with a good book on eultural an- 
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Robert Matthey. Lau- 
(Illustrated. ) 


Les Chrovrosomes des Vertébrés. 
sanne, Switz.: F. Rouge, 1949. Pp. 360. 
48 Sw. fr. 

The chaotie state of our knowledge of vertebrate chro- 
mosomes is one that makes every cytologist shudder. The 
prevailing confusion touches every aspect of the subject, 
extending even to chromosome counts. Thus the number 
of chromosomes reported by a long series of investigators 
for Gallus domesticus, the common chicken, ranges from 
12 to 78, and cytological disagreement has been almost as 
great for other vertebrates. To the initiate this is per- 
haps not surprising, for these investigations demand the 
utmost in judgment and technical skill and some workers 
in the field have been far from realizing this. 

The first important step toward putting things to rights 
was taken in 1937 by Oguma and Makino, who published 
lists of all vertebrate chromosome numbers with refer- 
ences that had been reported up to that time. But the 
Japanese cytologists did not attempt to make critical 
evaluations of the many discordant results, a task which 
has now been undertaken by Matthey. 

In a great many cases Matthey encounters no difficulty 
in recognizing erroneous findings, and he frees the sub- 
ject of such encumbrances without merey. But in all 
too many instances a final decision is impossible, and 
Matthey, whose own excellent researches give his judg- 
ment a considerable weight, is foreed to suspend his ver- 
dict. That is especially true of the sex chromosomes, 
and he quite rightly devotes a quarter of the book to this 
important aspect. The long and the short of the matter 
is that even in such familiar animals as frogs, various 
domestic fowls, and rodents, where so much breeding work 
might be expected to serve as an aid to cytological in- 
vestigation, no final conclusion about the constitution and 
behavior of the sex chromosomes is yet possible. Matthey 
makes it clear that progress is indeed now being made, 
but, as he has elsewhere remarked—not without a twinkle 
in his eye—one hindrance lies in the fact that whereas 
one important group of workers derives theoretically 
beautiful generalizations from sadly inadequate mate- 
rial, another does not sufficiently utilize our present 
knowledge of cytogenetics in interpreting its prepara- 
tions that are close to perfection. But much clarification 
is brought about by Matthey’s clear statements of the 
issues that are now important to a final solution. His 
presentation of the problems of chromosomal evolution 
among the vertebrates should prove to be extremely use- 
ful in further researches. 

It may not be amiss to point out that even in a work 
so crammed with numbers and facts, the author’s fresh- 
ness of expression and charming style do much to ease 
our progress through the pages. The book will no doubt 
become the basis from which all further work on verte- 
brate chromosomes will take its start. There are 490 
illustrations, judiciously chosen and well reproduced. A 


Book Reviews 


bibliography, species index, and list of text figures ter- 
minate the volume. 

FRANZ SCHRADER 
Columbia University 


Best science fiction stories: 1949, Everett F. Bleiler and 
T. E. Dikty. (Eds.) New York (16): Frederick 
Fell, 1949. Pp. 314. $2.95. 

Whether the Best science fiction stories: 1949 are or 
are not the best is of course a matter of taste, but most 
of them are good of their kind, and they do not misrep- 
resent the field. Readers of Science who have read sci- 
ence fiction will know what to expect. “To others, some 
of the stories should perhaps be recommended with a 
word of guidance. 

Science fiction has its conventions and, like the mystery 
story, a bag of tricks. Thus, in ‘‘Genius,’’ by Poul 
Anderson, ‘‘subdimensional quasivelocity’’ is merely a 
way of double-talking oneself past the speed of light in 
order to write about a galactic empire. I don’t find this 
more annoying than the witches in Macbeth, because the 
story is both exciting and well thought out within its 
framework. 

Indeed, science fiction writers have acquired a knack 
of constructing worlds in which things stick together so 
weil as to make some solemn books about the future seem 
a little silly. Dr. Asimov, for instance, manages ingeni- 
ously to confront sanity, in a race of evolved bears, with 
humanity. If we miss moving characterization and hot 
love scenes in ‘‘No Connection,’’ we are at least spared 
a raising of the devil, red or otherwise. 

Some stories rely less on technology. I don’t know 
how to describe Ray Bradbury’s ‘‘ Mars is Heaven’’ and 
‘*And the Moon Be Still As Bright’’ in a few words, but 
you might like them. Certainly, Wilmar H. Shiras’s 
story of a child should convince anyone that not all sci- 
ence fiction is machines, monsters, thud and blunder. 

Space is short; as for the rest, Henry Kuttner mixes 
such science fiction stand-bys as time travel, a robot, and 
teleportation with an ingenious plot and a surprise end- 
ing to make just plain enjoyment. In Lewis Padget’s 
‘*Ex Machina’’ this and more than a dash of Thorne 
Smith make fun for those who can take it. Frederick 
Brown does better than might be expected with the hack- 
neyed last man theme. Murray Leinster’s story is ac- 
ceptable. J.J. Coupling’s ‘‘ Period Piece’’ is an honest 
effort to set one’s teeth on edge. I will lay what I think 
of the other two stories to prejudice. 

Melvin Korshak’s introduction is a good historical 
summary. The reader should leave Bleiler’s and Dickty’s 
preface till after the stories, because it gives away some 
of the plots. So do the heads above the titles. 

In a reviewer’s last say, I commend the good plotting 
and good writing that make these stories easy to read 
and leave no doubt about what has happened and no 
wonder concerning what was meant. However, this poor 
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fellow, who finds here and now so very puzzling, would 
like a little more mystery about distant worlds and the 
distant future. He would be pleased to be left wonder- 
ing and speculating beyond the last written word. 

J. R. PIERCE 
Millburn, New Jersey 


Nature-nurture controversy. Nicholas Pastore. New 
York: King’s Crown Press, Columbia Univ., 1949. Pp. 
xvi+213. $3.25. 

The object of this book was to investigate the relation- 
ship between scientists’ views on the nature-nurture eon- 
troversy and their social, economic, and political opinions. 
The data for such an analysis consisted of the published 
works of 24 American and English scientists who were 
prominent in the nature-nurture controversy between 
1900 and 1940 and who also expressed sociopolitical views 
in writing. Of the 24 scientists, 10 are classified pri- 
marily as psychologists and 9 as geneticists or biologists; 
the remainder include 2 ssciclogisis, 1 anthropologist, 1 
edueator, and 1 statistician. The dates of birth range 
from 1822 to 1889; 10 of the subjects were living at the 
time of the study. 

Pastore’s analysis of the views expressed by these 24 
scientists leads him to conclude that, of the 12 who were 
predominantly ‘‘environmentalists,’’ all were politically 
‘‘liberal’’ or ‘‘radical,’’ with the exception of a single 
‘feonservative.’’ Similarly, all the 12 ‘‘hereditarians’’ 
are described as ‘‘conservative,’’ with the exception of 
one ‘‘liberal.’’ In reference to causal relationships, 
Pastore strongly favors the hypothesis that the position 
of these scientists on the nature-nurture controversy was 
influenced by their sociopolitical allegiances. 

There is much in the procedure of this survey which 
arouses skepticism regarding the generality as well as 
the interpretation of the results. In the first place, it is 
very likely that a selective factor was introduced by re- 
stricting the sample to those scientists who had expressed 
themselves in writing on both nature-nurture and socio- 
political issues. The author himself points out that many 
individuals with a definite point of view on the former 
had not expressed themselves on the latter. He further 
notes that their failure to do so may indicate a contra- 
diction between their scientific and political outlooks, 
which made these individuals refrain from writing on po- 
litical matters. This would mean that the-very cases 
which failed to support Pastore’s theory would tend auto- 
matically to be excluded from the survey. 

A second point concerns the chronology of the study. 
The investigator states that in the pool of more than 200 
names considered, those persons who were active in the 
nature-nurture controversy between 1919 and 1940 more 
often failed to express sociopolitical views than did those 
who were prominent between 1900 and 1918 (p. 16). It 
would thus seem that the reported relationship between 
scientific and sociopolitical views was more characteristic 
of an era when the nature-nurture controversy was in its 
infancy. At such a period, nature-nurture questions were 
so ill defined and suitable methodologies so poorly devel- 
oped that these scientists were probably discussing the 


nature-nurture problem more as laymen than as scientists. 
Under these conditions, their sociopolitical opinions and 
other subjective considerations might have a stronger in- 
fluence upon their interpretations. Inadequate control of 
the temporal factor might, moreover, lead to spurious re- 
lationships, since both sociopolitical views and interpreta- 
tions of heredity-environment questions might ehange 
with time for entirely different reasons. 

It would also seem desirable in such a study to hold 
constant the field of interest of the scientists. Although 
Pastore minimizes the influence of ‘‘ subject-matter bias’’ 
in his interpretation of the data (pp. 178-179), it should 
be noted that all the representatives of anthropology, edu- 
eation, and sociology in the group are classified as ‘‘en- 
vironmentalists.’? That the geneticist-biologist and the 
psychologist groups were about evenly divided between 
hereditarians and environmentalists is not surprising in 
view of the wide scope of problems covered by each of 
these fields. On the whole, it could be argued that the 
role of subject-matter bias is demonstrated by these data, 
insofar as anything can be demonstrated by such a small 
and unrepresentative sampling. : 

Probably the most serious criticism of the present sur- 
vey pertains to the classification of the scientists as eon- 
servative, liberal, or radical. The classification into he- 
reditarian or environmentalist at least has the support of 
other writers in the respective fields, who had in many 
eases applied these designations to the individuals in 
question. But the assignment of cases to the three given 
sociopolitical categories was apparently done only by the 
investigator himself. It would have been desirable to 
have other judges classify the individuals and to report 
some measure of rater reliability. The sociopolitical 
writings on which the judgments are based are admittedly 
meager in a number of instances and, in some eases, the 
sociopolitical interpretation appears to be quite forced 
in the light of the quotations given. A letter written to 
the investigator by one of the living scientists and repro- 
duced in the text caused a complete reversal of the 
elassification of this individual (pp. 94-95). It would be 
helpful to know at least how the remaining nine living 
scientists in the sample reacted to their sociopolitical, as 
well as to their nature-nurture, classification. The author 
reports that ‘‘the sharpest reactions, in those eases where 
a given scientist had the opportunity to evaluate the see- 
tion in this study dealing with his own views, came from 
the hereditarian wing’’ (p. 182). Apparently there were 
other disagreements besides the one cited, but the reader 
is uct given the benefit of this information. 

Finally, the author’s analysis of causal relationships 
ean be questioned. He fails to give adequate considera- 
tion to the possibility that the nature-nurture views may 
have influenced the scientist’s sociopolitical writings, and 
seems too eager to accept the reverse interpretation (pp. 
179-182). As a matter of fact, a large number of the 


so-called sociopolitical quotations cited represent only the 
scientist ’s attempt to state certain practical implications 
of his conelusions regarding nature-nurture questions. 
The evidence for this type of relationship is just as 
strong as that for the reverse relationship, which the 
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author favors. In conclusion, it would seem that the 
contribution of the present book is biographical rather 
than scientific. The survey brings together some inter- 
esting quotations on sociopolitical questions from the 
writings of 24 well-known scientists, but it appears to ac- 
complish little else. 

ANNE ANASTASI 
Fordham University 


Contributions to embryology. (Carnegie Institution Publ. 
583, Vol. XXXIII, Nos. 213 to 22i.) Washington, 
D. C.: Carnegie Institution of Washington, 1949. Pp. 
iii+ 186. (Illustrated.) $8.50 paper; $9.25 cloth. 
Volume 33 of the Contributions to embryology com- 

prises nine papers. Four deal with the morphology and 

physiology of the reproductive tract of the rabbit (Reyn- 
olds) and of the macaque (Ramsey, Hamilton, and 

Sturgis) ; four concern early human development (Hertig 

and Rock, Streeter, Sensenig, and Wharton), and one 

traces the evolutionary trends in the palatine ridges of 

Primates (Schultz). In all, there is the stimulating 

quality of morphology and embryology presented in their 

dynamie rather than their static aspects, and an aware- 
ness of sequential relationships and of the interdepend- 
ence of structure and function. The volume is, like its 
predecessors, beautifully printed and illustrated. Sev- 
eral of the papers, notably those of Streeter, Sensenig, 

Ramsey, and Reynolds, carry useful diagrams summariz- 

ing their main observations. 

Reynolds’ paper ‘‘ Adaptation of uterine blood vessels 
and accommodation of the products of conception’’ con- 
tinues his reports on uterine-fetai relationships. Obser- 
vations on uteri of pregnant rabbits demonstrate the 
increasing ischemia of the antimesometral uterine wall 
over the conceptus up to the 22nd day of gestation, simul- 
taneously with the persistence of an adequate circulation 
on the mesometral side, where the placenta is located. 
Thereafter, as the conceptus changes from a spheroidal 
or oblate to an oval shape, the blood again flows readily 
in all parts of the uterine circulation. 

The paper by Ramsey, ‘‘The vascular pattern of the 
endometrium of the pregnant rhesus monkey,’’ correlates 
well with Reynolds’ observations on the uterine circula- 
tion and the phases of uterine growth and of uterine 
stretching in the pregnant rabbit and also provides cor- 
relative support for Spanner’s emphasis on the importance 
of marginal drainage in the mature human placenta. 

In ‘‘Observations on the cervical mucosa of the rhesus 
monkey,’’ Hamilton correlates the changes in height and 
secretory activity of the cervical epithelium during the 
macaque’s menstrual cycle with the blood estrogen level 
determined for the human by Markee and Berg. She 
concludes that the cervical epithelium is under the con- 
trol of estrogen and that the release of its secretion 
‘‘might . . . be considered the cervical counterpart of 
menstruation’’ (p. 100). 

In his paper on ‘‘Rate and significance of atresia of 
the ovarian follicle of the rhesus monkey,’’ Sturgis iden- 
tifies and times three stages in follicular atresia in the 


macaque by relating them to normal corpus luteum de- 
velopment. He tentatively suggests that the atresia of 
the early preovulatory follicles each month may be in- 
volved in the control of the pituitary-ovarian balance 
concerned with the release of but one egg per month and 
the subsequent formation of its corpus luteum. 

Hertig and Rock’s paper is the fourth one describing 
early ‘‘timed’’ human embryos to appear in the Contri- 
butions. This paper, ‘‘Two human ova of the pre-vil- 
lous stage, having a developmental age of about eight 
and nine days respectively,’’ presents in detail the struc- 
ture and relationship to the endometrium of an 8-day 
(Carnegie #8155) and a 9-day (Carnegie #8171) human 
embryo first reported briefly in 1944. Both provide ad- 
ditional evidence that implantation occurs normally on 
solid endometrium and not in the mouths of uterine 
glands. The 8-day embryo is prelacunar as well as pre- 
villous; the 9-day one is unique in being the first speci- 
men ‘‘seen thus far in which the early primordium of the 
uteroplacental circulation has appeared’’ (p. 180). 

In his contribution, ‘‘ Developmental horizons in hu- 
man embryos (fourth issue): a review of the histogenesis 
of cartilage and bone,’’ Streeter follows the development 
of the humerus from the arm bud (horizon XII) through 
1) the condensations and differentiations of the skeleto- 
muscle primordium (horizons XV-XVI), 2) the five 
phases of differentiation of cartilage (horizons XVII- 
XXIII), and 3) the ossification process from its begin- 
ning (horizon XXII) through 74 days (ovulation age). 
He reports for the first time crystalloid phenomena in 
certain cartilage cells of some embryos of horizons 
XIX-XXIII and comments on their possible significance. 
This last paper of Dr. Streeter’s embodies the accuracy, 
the careful observations, and the clarity and rare turns 
of expression that are earmarks of his scientific writings. 
Sensenig’s paper entitled ‘‘The early development of the 
human vertebral column’’ is an interesting complement to 
Streeter’s paper. He follows the differentiation of the 
sclerotome of the somite into the definitive vertebra and 
certain of its associated structures, beginning with em- 
bryos 2.0-3.0 mm in length (horizon X)and ending with 
an embryo 80.0 mm CR. 

The report on ‘‘Double ureters and associated renal 
anomalies in early human embryos’’ by Wharton de- 
scribes an extra ureter in two human embryos (9.0 and 
9.6 mm, horizon XVI). These anomalies are discussed 
in relation to the steps in the normal development of the 
kidney. 

Dr. Schultz’s paper ‘‘The palatine ridges of Pri- 
mates’’ is interesting from the standpoint of embryol- 
ogy because he includes palatine patterns of both non- 
human and human Primate embryos in his series and 
compares them with each other, with those of adult 
Primates and with those of lower mammals. His con- 
clusions concern the probable palatine pattern in the 
primitive common ancestor of the Primates and the evo- 
lutionary trends undergone. 

A. ELIZABETH ADAMS 
Mount Holyoke College 
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NEWS 
and Notes 


Louis A. Turner, head of the De- 
partment of Physies at the State 
University of Iowa, has been ap- 
pointed director of the Division of 
Physics at the Argonne National 
Laboratory. Dr. Turner will assume 
his duties on a full-time basis at the 
end of the 1949-50 academic year. 


S. R. M. Reynolds, Department 
of Embryology, Carnegie Institution 
of Washington, Baltimore, will serve 
as visiting professor on the Facultad 
de Medicina de Montevideo, Uru- 
guay, from March 6 to May 12. His 
work will be concerned primarily 
with physiology, obstetrics, histology, 
and embryology. 


Louis Gdalman has been ap- 
pointed director of pharmacy at 
Michael Reese Hospital, Chicago, ef- 
feetive January 1. Mr. Gdalman was 
formerly assistant director of phar- 
macy at St. Luke’s Hospital in Chi- 
cago. 


Elmer G. Butler, professor of 
biology at Princeton University, will 
lecture at four Belgian universities 
in February and March on his re- 
search in experimental morphology. 
The lectures will be given under the 
auspices of the Belgian-American 
Educational Foundation. 


Irving Langmuir has retired from 
the General Electric Company, where 
he has served as associate director of 
the firm’s Research Laboratory since 
1932. He will continue work in the 
laboratory as a consultant. Dr. 
Langmuir won the 1932 Nobel prize 
for his research in surface chemistry. 


W. Boas, of the Metallurgy 
School, University of Melbourne, 
has been named chief of the Division 
of Tribophysies of the Common- 
wealth Scientific and Industrial Re- 
search Organization of Australia, to 
succeed §. H. Bastow, who was 
recently appointed to the executive 
of the organization. F. J. Lehany, 
Division of Electrotechnology, 


CSIRO, will sueceed D. M. Myers 
as head of the division. Dr. Myers 
has resigned to become professer of 
electrical engineering at the Univer- 
sity of Sydney. 


Frederick S. Baker, dean of the 
School of Forestry, University of 
California at Berkeley, has been 
elected a Fellow of the Society of 
American Foresters. 


Leonidas Marinelli, assistant pro- 
fessor of radiology, College of Medi- 
cine, Cornell University, has been 
named research associate in the Di- 
vision of Biological Sciences, Uni- 
versity of Chicago. Dr. Marinelli is 
also on the staff of the Argonne Na- 
tional Laboratory. 


Dermott Brownrigg Taylor has 
been appointed associate professor 
of pharmacology, and Ralph Haw- 
kins lecturer in anatomy at the Uni- 
versity of California Medical School, 
San Francisco. Dr. Taylor has been 
at the University of London for the 
past ten years and Dr. Hawkins was 
most recently at the Massachusetts 
yeneral Hospital in Boston. 


Leon O. Jacobson, associate pro- 
fessor of medicine, Division of Bio- 
logical Seiences, University of Chi- 
cago, has been appointed special con- 
sultant to the U. S. Publie Health 
Service as a member of the Hema- 
tology Study Section of the National 
Institutes of Health. 


Visitors to U. S. 


M. Caillaux, technical director, 
Société Francais DUCO, Paris, An- 
ders Nielsen, director of research, 
Topsoe Laboratories, Copenhagen, 
and W. Ray Piggott, principal sci- 
entifie officer, National Physical Lab- 
oratories, Department of Scientific 
and Industrial Research, Slough. 
England, were recent visitors at the 
National Bureau of Standards. 


K. A. Clendenning, National 
Research Council of Canada, is visit- 
ing the Photosynthesis Laboratories 
at the University of Illinois during 
the first semester. 


George W. Hunter, III, returned 
from Tokyo last month to attend 
meetings of the American Public 
Health Association, the National 


Malaria Society, and the American 
Society of Tropical Medicine. 
Colonel Hunter is chief of the See- 
tion of Medical Zoology, 406th Medi- 
eal General Laboratory, in Tokyo. 


Grants and Awards 


W. H. Taliaferro, professor of bae- 
teriology and parasitology and chair- 
man, Division of Biological Sci- 
ences, University of Chicago, was re- 
cently awarded the Mary Kingsley 
Medal by the Incorporated Liverpoo) 
School of Tropical Medicine in recog- 
nition of his contributions to tropical 
medicine. 


The Sigma Delta Epsilon Award 
of $500 was presented to Ruth V. 
Dippell, a research associate at In- 
diana University, at the recent AAAS 
meeting in New York City. Dr. 
Dippell won the award for her 
studies on mutations of bacteria. 


The National Vitamin Founda- 
tion, Inc. has awarded eight new 
grants, totaling $55,505, for research 
on problems of human nutrition. 
The grants, effective January 1, in- 
elude Bacon F. Chow, Johns Hopkins 
University School of Hygiene and 
Public Health—$5,000 to study the 
value of vitamin B,, in promoting 
growth of infants on diets restricted 
because of medical reasons, of ap- 
parently healthy infants on normal 
diets and of chronically ill older chil- 
dren; William J. Darby and Edgar 
Jones, Vanderbilt University School 
of Medicine—$21,000 for a three- 
year study of the effects of vitamin 
B,, and of the pteroylglutamates (fo- 
lie acid) on the blood-forming organs 
and the circulating blood in the hu- 
man, and the determination of the 
requirements of man for these vita- 
mins for the maintenance of normal 
blood cell and hemoglobin values, as 
well as for the prevention of nervous 
disorders (combined system disease ) 
in patients with pernicious anemia; 
Benjamin M. Kagan, Michael Reese 
Hospital, Chicago—$7,500 for studies 
of vitamin A metabolism in man in 
health and disease and particularly 
of disturbances in vitamin A metab- 
olism observed in certain diseases of 
the kidney and of the liver; R. W. 
Luecke, Michigan State College, De- 
partment of Agricultural Chemistry 
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—+$3,000 for the study of the effects 
of low intakes of certain of the B 
vitamins during pregnancy on the 
health and livability of the newborn, 
using the pig as the experimental 
animal; Elaine P. Ralli, New York 
University College of Medicine—$3,- 
605 for continuation of studies on 
the relation of certain of the B vita- 
mins, particularly pantothenic acid, 
to the functions of the adrenal 
glands and of the pituitary gland; 
Tom D. Spies, Northwestern Univer- 
sity, Department of Nutrition and 
Metabolism—$5,400 for studies on 
the effects of vitamin B,, on the bone 
marrow and the circulating blood of 
patients with nutritional macrocytie 
anemia and.sprue; Richard W. Vil- 
ter, University of Cincinnati College 
of Medicine—$5,000 for the study of 
pyridoxine (vitamin B,) deficiency in 
man and its effective treatment; 
Heinrich Waelsch, New York State 
Psychiatrie Institute—$5,000 for 
continuation of studies on glutamic 
acid and glutamine metabolism. 


Fellowship and Scholarships 

The New York Tuberculosis and 
Health Association announces that 
the James Alexander Miller Fel- 
lowship for research in tuberculosis 
will be available from July 1, 1950 
to June 30, 1951. The $5,000 fellow- 
ship will make possible full-time re- 
search on a project with a definite 
bearing on tuberculosis by a quali- 
fied medical investigator. The ap- 
plicant must be acceptable in the 
laboratory or clinie of his choice 
(preferably in New York City) and 
be provided with necessary equip- 
ment. Applications will be supplied 
on request to the New York Tuber- 
culosis and Health Association, 386 
Fourth Avenue, New York City, and 
must be submitted in duplicate not 
later than March 1. Announcement 
of the award will be made in April. 


The Illinois Institute of Tech- 
nology is accepting applications for 
two fellowships in chemical engineer- 
ing for the academic year 1950-51. 
One, given by the Chicago Paint, 
Varnish, and Lacquer Association 
and the Chicago Paint and Varnish 
Production Club, grants the winner 
$1,000 and $550 tuition for two 
semesters, the research project to be 


selected by the paint groups and the 
college. The other, given by the 
Standard Oil Company (Indiana), 
awards $1,700 for research dealing 
with some phase of chemical engi- 
neering of general interest to the 
petroleum industry. 

Both fellowships will begin Sep- 
tember 1950. Applications must be 
received by March 15. Announce- 
ment of the winners will be made to 
all applicants by April 1. Further 
information and application blanks 
may be obtained from the Dean of 
the Graduate School, Illinois Insti- 
tute of Technology, Chicago 16. 


The National Foundation for 
Infantile Paralysis has approved an 
appropriation to provide fellowships 
of three to six months in principles 
of physical medicine and rehabilita- 
tion for physicians who are certi- 
fied by or are preparing to meet the 
requirements of specialty boards in 
neurology, orthopedics, pediatrics, 
and internal medicine. Information 
concerning the program can be ob- 
tained from the Educational Divi- 
sion, National Foundation for Infan- 
tile Paralysis, 120 Broadway, New 
York City. 

The foundation recently announced 
the award of March of Dime funds 
for 29 additional research and edu- 
cational projects in infantile par- 
alysis, totaling $849,736.68, to be 
conducted by scientifie and _ tech- 
nical institutions throughout the 
U. S. and Canada. This brings the 
total expended by the foundation 
since 1938 to more than $11,000,000 
in each of the fields of research and 
education. 


Meetings and Elections 

The National Speleological So- 
ciety will hold its seventh annual 
convention in Washington, D. C. at 
the Dodge Hotel, March 31—April 2. 
Inquiries should be addressed to Wil- 
liam J. Foster, Chairman of the Con- 
vention Committee, 3100 Lee Boule- 
vard, Arlington, Virginia. 


The French Society of Physics 
will hold its 47th exhibition of sci- 
entific instruments and materials 
May 26-June 1, in the exhibition 
rooms of Paris University at the Sor- 
bonne. The latest results of French 
scientific research will be displayed, 


us well as French and foreign indus- 
trial instruments. The 1949 exhibit 
attracted some 25,000 visitors. Fur- 
ther information may be had by 
writing to the Exhibition Committee, 
12 rue Cuvier, Paris 5e. 

The annual meeting of the Elec- 
trochemical Society is to be held 
in Cleveland, Ohio, at the Hotel Stat- 
ler, April 19-22. Symposia are now 
being planned on theoretical elec- 
trochemistry, rare metals, instrumen- 
tation, electrothermics, luminescence, 
industrial electrolytics, and electric 
insulation. 


The Executive Committee of the 
International Union of Crystallog- 
raphy has accepted an invitation 
from the Swedish National Com- 
mittee to hold the Second Inter- 
national Congress on Crystal- 
lography and the Second General 
Assembly of the Union in Stock- 
holm June 27-July 3, 1951. These 
dates have been chosen in consulta- 
tion with the Swedish National Com- 
mittee and with the national com- 
mittees of all the countries which ad- 
here to the union. It is hoped that 
this early notice will make it pos- 
sible for those interested in erystal- 
lography and its related fields to 
arrange to attend. Further informa- 
tion can be obtained from Dr. R. C. 
Evans, General Secretary of the 
Union, Cavendish Laboratory, Cam- 
bridge, England. 


The International and Fourth 
American Congress on Obstetrics 
and Gynecology will convene May 
14-19 at the Hotel Statler in New 
York City. Speakers at the five 
morning general sessions inelude 
Heinrich Martius, University of Got- 
tingen; Leon Gerin-Lajoie, Univer- 
sity of Montreal; Carlos D. Guerrero, 
Mexico City; Arthur T. Hertig, Har- 
vard Medical College; Carl Kauf- 
mann, Phillip University, Marburg, 
Germany; Hans Ludvig Kottmeier, 
Radiopathology Institute, Stock- 
holm; lLaksmanaswami Mudaliar, 
Madras University, India; Manuel 
Luis Perez, Buenos Aires; S. R. 
M. Reynolds, Carnegie Institution, 
Washington, D. C.; Walter Seegers, 
Wayne University College of Medi- 
eine; Harold H. Sheehan, University 
of Liverpool; Jean Snoek, Hospital 
St. Pierre, University of Brussels; 
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and Herbert F. Traut, University of 
California Medical School. The list 
of speakers for the afternoon pro- 
grams is not yet compiete. For fur- 
ther information regarding the con- 
gress, write to Dr. Fred L. Adair, 
161 East Erie Street, Chicago 11. 


A Symposium on Molecular 
Structure and Spectroscopy will be 
held at the Mendenhall Laboratory 
of Physics, Ohio State University, 
June 12-17. Interpretation of molec- 
ular spectroscopic data and methods 
for obtaining such data will be dis- 
eussed. For further information or 
for a copy of the program, write to 
Harald H. Nielsen, Mendenhall Lab- 
oratory of Physics, Ohio State Uni- 
versity, Columbus 10. 


A series of seminars in the bio- 
logical sciences has been instituted 
for 1950 by the Office of Naval Re- 
search in conjunction with the Naval 
Medical Research Institute. The 
seminars will be held at the Naval 
Medical Research Institute, Be- 
thesda, Maryland. Information on 
speakers and subject matter may be 
obtained from Roger D. Reid, Head, 
Microbiology Branch, Office of Na- 
val Research, Constitution Avenue, 
Washington 25, D. C. 


The Pacific Southwest Associa- 
tion of Chemistry Teachers at its 
recent meeting in San Francisco 
elected the following officers for 
1949-50: president, Arthur Furst, 
University of San Francisco; treas- 
urer, Claude Merzbacher, San Diego 
State College; secretary, Valerie 
Phillips, San Francisco College for 
Women. Membership is open te any- 
one living in. Arizona, California, Ne- 
vada, New Mexico, and Utah who is 
actively participating in a college 
chemistry teaching program or who 
has an interest in the field. Inquiries 
regarding meetings should be ad- 
dressed to the state secretary. 


NRC News 


AEC Fellowships. The National 
Research Council has announced 
three programs of postdoctoral re- 
search fellowships supported by the 
Atomie Energy Commission. It is 
the purpose of these fellowships to 
train a limited number of men and 


women for research in those aspects 
ef the physical, biological, and medi- 
eal sciences whose development is the 
direct responsibility of the AEC. 
For the fellowships in the physi- 
eal sciences, these fields include the 
chemistry and nuclear physies of ele- 
ments of atomic number greater than 
90, the neutron physics of various 
elements, the effect of high energy 
radiation on matter, the chemistry of 
the fission product elements, and the 
separation of isotopes. For the 
parallel programs in the biological 
sciences and the medical sciences, the 
research fields will include studies of 
the physiological and toxicological 
effects of fission products, investiga- 
tions which at some stage require the 
use of special facilities available at 
the AEC installations, and the de- 
velopment of radiation instruments 
for use in the study of problems of 
a classified nature in the fields of 
biology and health physics. 
Because these fellowships are for 
training in fields where some or all 
information is classified, the AEC is 
required by law to determine the ap- 
plicant’s loyalty to the government 
of the U. S. before approving pay- 
ment of the fellowship stipend. The 
AEC clearance will be based upon the 
report of the Federal Bureau of In- 
vestigation as to the character, asso- 
ciations, and loyalty of the applicant. 
A fellow must be a citizen of the 
U. S. under 35 at the time of the 
appointment. For the fellowships 
in the physical and biological sci- 
ences, he must have training equiva- 
lent to that represented by the Ph.D. 
degree, and must have demonstrated 
superior ability in research; for the 
fellowships in the medical sciences, 
the fellow must have had training in 
some branch of the biological or 
medical sciences equivalent to that 
represented by the M.D. or Ph.D. de- 
gree, and show promise of research 
ability. Holders of the M.D. degree 
must have completed one year of in- 
ternship or its equivalent. 
Applications must be completed by 
February 15. Appointments will be 
for one year unless a shorter term 
is approved by the fellowship board, 
and must terminate on or before 
June 30, 1951. 
Requests for additional informa- 
tion and application blanks for the 


fellowships in the physical and bio- 
logieal sciences should be addressed 
to the Feilowship Office, National 
Research Council, 2101 Constitution 
Avenue, Washington 25, D. C. For 
additional materia] on the medical 
research fellowships, address the 
AEC Postdoctoral Fellowship Board 
in the Medical Sciences, at the same 
address. 


New Division Chairmen. S. 
Smith Stevens, professor of psychol- 
ogy and director of the Psycho- 
acoustie Laboratory at Harvard Uni- 
versity, has been appointed chairman 
of the Division of Anthropology 
and Psychology. Dr. Stevens is 
known for his researches on the psy- 
chology of hearing, and the estab- 
lishment of quantitative scales for 
volume, pitch, and loudness as tonal 
attributes. Ernst Cloos, professor of 
structural geology at Johns Hopkins 
University, is the new chairman of 
the Division of Geology and Geog- 
raphy. Dr. Cloos is a member of 
the Executive Committee of the 
American Geophysical Union, whieh 
serves also as the NRC’s Committee 
on Geophysies. 


The Subcommittee on Latin- 
American Psychology, Division of 
Anthropology and Psychology, has 
announced the availability of its see- 
ond publication, La ensenanza de la 
psicologia en los Estados Unidos de 
Norte America, by Horacio J. A. 
Rimoldi. The bulletin, in Spanish, 
describes undergraduate and gradu- 
ate training in psychology in the 
U. S., with details on course work, 
requirements for the master’s and 
doctor’s degree, examinations and 
theses for the doctorate, and the 
amount of time commonly spent in 
obtaining the degrees. In addition 
there is included a listing of ele- 
mentary, intermediate, and advanced 
psychology courses in two represen- 
tative U. S. universities, Wisconsin 
and Chicago. 

Copies of the first publication of 
the subcommittee, Revistas de los 
Estados Unidos en psicologia, psi- 
quiatria y campos afines, are still 
available. - This bulletin lists sixty 
U.S. journals in psychology, psychia- 
try, child development, and related 
fields, with information on the as- 
sociated society, subscription price, 
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editor, address, and type of articles 
found in each. The bulletin was 
prepared and translated into Span- 
ish by Margaret E. Hall of the Chi- 
cago Board of Education, chairman 
of the subcommittee. 


Astronomy Committee. C. D. 
Shane, director of Lick Observatory, 
has sueceeded Otto Struve as chair- 
man of the NRC Committee on As- 
tronomy Advisory to the Office of 
Naval Research. Dr. Struve will 
continue as a member of the commit- 
tee. Leo Goldberg, of the Univer- 
sity of Michigan, will serve as vice 
chairman. Under the plan of rota- 
tion of membership of the committee, 
the terms of B. J. Bok, I. 8S. Bowen, 
and A. E. Whitford have expired, 
and upon the recommendation of the 
executive committee of the American 
Astronomical Society, Dr. Goldberg 
and J. L. Greenstein of Caltech and 
F. L. Whipple of Harvard have been 
appointed to succeed them. 

The committee recommends to 
ONR the support of research projects 
in astronomy and astrophysics sub- 
mitted to it. Sixteen projects ap- 
proved by the committee were in op- 
eration during the past year, with 
typical researches including measure- 
ments on double stars, stellar paral- 
laxes and luminosities, long period 
variables, the infrared absorption 
spectrum of the night sky and aurora, 
and theoretical studies in cosmology 
and spectroscopy. 


Miscellaneous 


The component elements of 
smog are being determined by a 
new method of analysis of minute 
quantities of matter, now being 
tested in Los Angeles. The method 
was developed by Sylvan Rubin and 
Volney K. Rasmussen, Stanford Re- 
search Institute physicists, in co- 
operation with C. C. Lauritsen, pro- 
fessor of physics at California In- 
stitute of Technology, and the work 
was done in Caltech’s Kellogg Ra- 
diation Laboratory. Samples of 
smog are bombarded by a stream of 
protons, using a Van de Graaff gen- 
erator, then analyzed by an ion de- 
tector. The elements present are 
easily detected and analyzed even in 
layers of material no more than one 
molecule in thickness. 


The effectiveness of antihista- 
mines in the prevention and treat- 
ment of the common cold is being 
evaluated by Naval Medical Research 
Unit No. 4 at the Naval Training 
Center, Great Lakes, Illinois. The 
research project, started November 
15 to continue for a five-month 
period, is the first official study un- 
dertaken by the Navy to determine 
the action of antihistamine drugs on 
infections of various causes. Two 
separate investigations, each involv- 
ing 500 men, are being carried on un- 
der the direction of John R. Seal. 
One investigation deals with «he 
preventive aspect of the problem, the 
other with the treatment phase. 


The first fascicle of the Atlas of 
tumor pathology, which when com- 
pleted will represent the cooperative 
effort of 30 pathologists and seven 
sponsoring agencies, has just been 
completed. The new reference work 
—half text, half illustration—will 
provide a 3,000-page standard to 
aid the teaching and diagnosis of 
human tumors of all kinds, in all 
their occurrences in the body. 

The Atlas, the most exhaustive 
ever written on a single disease, will 
appear in 39 parts, each covering 
cancers of definite organs or systems 
of the body. Besides being a com- 
pilation of the best modern opinion, 
it will serve as a standard for tumor 
terminology, and will include some 
previously unpublished research. The 
biological and biochemical aspects 
of the cancer are also included wher- 
ever they are significant in diagnosis. 

To insure completeness and homo- 
geneity—and to point out where even 
the experts disagree—each of the 30 
authors will read and criticize all sec- 
tions of the work while it is in 
preparation. This arrangement has 
also made available an unusually 
large number of ease histories as 
source material. The illustrations, 
some of them in color, were repro- 
duced by the Medical Illustration 
Service of the Armed Forces Insti- 
tute of Pathology, which is publish- 
ing the Atlas. The National Re- 
search Council’s Subcommittee on 
Oncology exercised administrative 
and editorial guidance. The sub- 
committee is one of many such 


groups maintained by the NRC Di- 
vision of Medical Sciences to advise 
the National Military Establishment 
on medical research. Other sponsors 
of the new treatise are the Depart- 
ments of the Army, Navy, and Air 
Force ; the American Cancer Society ; 
the U. S. Public Health Service; 
and the Veterans Administration. 

The Atlas was originated by 
Balduin Lucke and M. C. Winternitz, 
professor of pathology at Yale. It 
has been in preparation for two 
years, and about two years more will 
be necessary to finish publication of 
the 39 fascicles. First distribution 
will be to military medical installa- 
tions, medical schools, and state can- 
cer control boards, to which the work 
will be especially useful in establish- 
ing uniformity in diagnosis and ter- 
minology. 

The Atlas is obtainable from the 
American Registry of Pathology, at 
the Armed Forces Institute of Pa- 
thology, 7th and Independence Ave- 
nue, S.W., Washington, D. C. 


A Security Survey Panel has 
been appointed by the Atomic En- 
ergy Commission. The special panel, 
which is expected to take about two 
months for its task, will survey the 
organization and functions of the 
AEC Security Division and submit 
recommendations on the manner in 
which these functions can best be 
discharged and the special qualifica- 
tions desired in a security division 
director. The panel will also suggest 
candidates for the position of diree- 
tor. The director’s post has been 
vacant since May, 1949, when John 
Gingrich resigned to return to duty 
with the Navy. 

John S. Bugas, vice president of 
Ford Motor Company in charge of 
industrial relations, will head the 
panel. Other members are J. Arthur 
Mullin, president of Glenvale Prod- 
ucts, Detroit; Paul E. Klopsteg, di- 
rector of research of the Techno- 
logical Institute, Northwestern Uni- 
versity, and David Luke Hopkins, 
vice president of the board of trus- 
tees of Johns Hopkins University. 
John T. Tate, chairman of the Phys- 
ies Department, University of Min- 
nesota, also appointed to the panel, 
has withdrawn because of illness. 


at 


record-making problems... 


and how photography helps solve them 


Reducing Laboratory 


5 Copying Costs 


SOLUTION: Make photocopies 
with Kodagraph Contact Paper. 
Anyone, with simple equipment, 
can easily make accurate, lasting 
photocopies of reports and papers. 
Kodagraph Contact Paper is dura- 
ble, uniform in quality. Developed 
specifically for use with existing 
contact photocopy machines, it has 
wide latitude...it assures clean, crisp 
copies of unsurpassed legibility. 


Photocopies save the costs of copying by 
hand... and insure absolute accuracy. 


More legible photocopies 
at low cost with Kodagraph 
Contact Paper. 


Photography reproduces detail exactly, com- 
pletely—even improves quality; photography pre- 
serves—and, if you wish, condenses or enlarges. 
It can help you lower costs, increase efficiency, 
. in laboratory, factory, office. 


speed operations. . 


-.. serves scientific and 
industrial progress 


Drawings and 


SOLUTION: Make photographic du- 
plicates in one printing on Koda- 
graph Autopositive Paper, and get 
file prints or intermediates that will 
stand the wear and tear of handling 
and machine feed-throughs . . . that 
won't yellow, smudge, or fade. Koda- 
graph Autopositive Paper can be 
handled in ordinary room light, and 
can be exposed on familiar direct- 
process or blueprint equipment. 


Photographic intermediates make better 
prints... and save your originals. 


Longer lasting, higher quality 
intermediates on Kodagraph 
Autopositive Paper. 


Making Room 
for More Records 


SOLUTION: Put inactive records 
on microfilm, destroy the obsolete 
originals, and use the file space so 
obtained for newer records. Micro- 
filming can reduce the bulk of files 
by as much as 98% —a sensational 
saving in space. Record your-smaller 
papers, your larger documents and 
drawings with Kodagraph Micro- 
File Machines and Recordak equip- 
ment and service. 


Microfilming protects your records, 
keeps them in order... and saves space. 


Space savings—up to 98%— 
through Kodagraph and 
Recordak microfilming. 


> MAIL THIS COUPON... 
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EARTH WAVES 


By L. Don Leet. One of the Harvarp MonoGrapHs IN APPLIED SCIENCE. This new book covers 
the subject in four parts: the measurement of earth waves, observed types of earth waves, trans- 
mission of earth waves by layered media, and microseisms. _The seismograph is fully described 
together with seismic prospecting equipment. The book will be useful to commercial geophysi- 
cists ; geologists ; meteorologists ; engineers in siol mechanics, dam and structural design ; and seis- 
mologists. Illustrations are included. 


January 1950 Approx. 128 pages Illus. Prob. $3.00 


AN INTRODUCTION TO LUMINESCENCE OF SOLIDS 


By Humboldt W. Leverenz. A new book in the Structure or MATTER Series, Maria 
Goeppert Mayer, Advisory Editor. The author describes phosphors in terms of preparation, 
compositions, structures, and physical characteristics, using specific examples to illustrate each 
general feature. The best present phosphors and their methods of application for use in ‘‘flu- 
orescent lamps,’’ cathoderay tubes, electron microscopes, ‘‘radium dials,’’ nuclear particle count- 
ers, and x-ray fluoroscope screens are covered. 


January 1950 569 pages Illus. Prob. $10.00 


QUANTITATIVE ULTRAMICROANALYSIS 


By Paul L. Kirk. This new book collects and organizes the data on ultramicroanalysis, cover- 
ing all essential techniques for accurate use of these methods. The material is covered from a 
strictly chemical point of view. All methods are adapted to general application. Among the 
main subjects treated are: Volumetric Apparatus and Technique; Colorimetry: Apparatus and 
Technique; Microgram Titrimetry ; Metallic Constituents: Titrimetric Methods; Volumetric Gas 
Methods; Spectrophotometric Methods; and Physical Methods. 


January 1950 310 pages 113 illus. Prob. $5.00 


SELECTED INVERTEBRATE TYPES 


Edited by F. A. Brown, Jr. A laboratory guide to the study of the anatomy and physiology of 
common American invertebrate animals. The approximately 100 commonly used American 
species covered in the book include the most widely studied fresh water forms, organized on a 
classificatory basis. The book features selected bibliographies at the end of each section and 235 
illustrations, many of them original and drawn from the actual specimens. The entire manual 
emphasizes information rather than directions. 


January 1950 Approx. 611 pages 235 illus. Prob. $6.00 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N. Y. 
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RANSACTiONS OF 


JOSIAH MACY, JR. 
FOUNDATION CONFERENCES 


Post- Please 

BIOLOGICAL ANTIOXIDANTS paid check 
Ist meeting—1946 (pp. 81—15 illus., 14 tables) ..$2.00 [J 
2nd meeting—1947 (pp. 116—12 “ 
3rd meeting—1948 (pp. 148—12 16 * 2) 

BLOOD CLOTTING AND ALLIED PROBLEMS 

Ist meeting—1948 (pp. 179—26 illus., 12 tables) . .$3.25 

2nd meeting—1949 (pp. 234—29 “ 24 “ )..$2.25 


FACTORS REGULATING BLOOD PRESSURE 


Ist meeting—1947 (pp. 175—10 illus., 31 tables) ..$1.90 
2nd meeting—1948 (pp. 170— 4 “ 30 “ )..$2.75 
INFANCY AND CHILDHOOD 
Ist meeting—1947 (pp. 70) 75:5) 
2nd meeting—1948 (pp. 120— 6illus., 6 tables) ..$1.00 FJ 
3rd meeting—1949 (pp. 156—no illus. or tables) ...$1.25 0 
LIVER INJURY 
5th meeting—1946 (pp. 127—30 illus., 11 tables) ..$2.25 0 
6th meeting—1947 (pp. 74—9 “ 11 “ )..$2.00 9 
7th meeting—1948 (pp. 95—15 “ 
METABOLIC ASPECTS OF CONVALESCENCE 
6th meeting—1944 (pp. 171—43 illus., 36 tables) ..$1.00 1 
7th meeting—1944 (pp. 167—43 “ 28 “ )..$1.000 
Sth meeting—1945 (pp. 191—49 “ 21 “ )..$1.00 
10th meeting—1945 (pp. 327—91 “ 50 “ )..$1.000 
llth meeting—1945 (pp. 155—42 “ 35 “ )..$1.00 
12th meeting—1946 (pp. 174—77 “ 
13th meeting—1946 (pp. 232—67 “ 26 “ )..$2.00 
Ey 14th meeting—1946 (pp.190—78 “ 12 “ )..$2.25 
16th meeting—1947 (pp. 168—39 “ 32 “ )..$3000 
17th and final meeting—1948 (pp. 246—79 illus., 


Special offer: (10% discount will be allowed on an 
order of a complete set of available 
transactions of this conference group 
on Metabolic Aspects of Convalescence) 

METABOLIC INTERRELATIONS 
Ist meeting—1949 (pp. 196—23 illus., 37 tables) . .$2.95 J 
TRAINING IN CLINICAL PSYCHOLOGY 


Ist meeting—i947 (pp. 88—no illus. or tables) ....$1.50 


Please make checks 
to Josiah 
Macy, Jr. Founda- 


Foreign purchasers please 

draw a draft, in U. S. 

~ funds, on a New York 
bank. 


JOSIAH MACY, JR. FOUNDATION CONFERENCES 
565 Park Avenue, New York 21, N. Y. 


in full payment for the copies 
checked above 


Purchaser 


Address 


City Zone State 


STATHAM 
Manometer and Control Unit 


EKG 
or 
Recorder 


Illustrated above is a complete system for the re- 
cording of rapid pressure fluctuations in the ranges 
encountered in physiological research. We invite 
you to contact us for details of the Statham un- 
bonded strain gage manometer. 


LABORATORIES 


SCIENTIFIC INSTRUMENTS 
9328 Santa Monica Blvd., Beverly Hills, Calif. 


RESEARCH BIOCHEMICALS 
for 
Biological & Microbiological 
INVESTIGATIONS 


TYPICAL NBCo PRODUCTS 

All Available for Immediate Delivery 
Glutamine 

Sodium Beta Glycerolphosphate 
Desoxyribonucleic Acid 
Protamine Sulphate 
Pyridoxal 
Pyridoxamine 


Cytidine 
Uridine 
Cytidylic Acid 
Uridylic Acid 
Xanthosine 


Write for Revised Catalogue St 782 Listing 
a Complete Selection of Over 300 
Important Biochemicals 


NUTRITIONAL BIOCHEMICALS CORP. 
CLEVELAND 5, OHIO 


“ 
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SCIENCE 13 


NOW AVAILABLE! 


NEW COMPLETE CATALOGUE OF 
EQUIPMENT FOR MEDICAL DIAG- 
NOSIS AND LABORATORIES 


The new J. Beeber catalogue gives you a thorough 
presentation of the latest equipment and in- 
struments for laboratories and medical diagnosis. 
You’ll find this new catalogue a valuable aid in 
getting precise information on what equipment is 
now available. Write to J. Beeber Co., Inc. 


Utilizing the new 
100 watt Zircon- 
ium bulb the light 
is highly brilliant 
point source pro- 
viding ideal light 
for microscopy and 
photo-micrography. 
Gives a pencil of 
light at color tem- 
perature of 3200° 
kelvin. 


RADIATION 
DETECTION 
APPARATUS 


J. Beeber Co., Inc. 
has a complete se- 
lection of apparatus 
for the detection 
and measurement 
of radio-activity. 


NCA RADIATION COUNTERS—a versatile, com- 
plete instrument including both a scaling unit and 
a count rate meter. Both types of measurements 
can be performed simultaneously or independently. 


j. BEEBER CO., INC. 
838 Broadway, NYC AL. 4-3510 
1109 Walnut St., Philadelphia 


MICROFLEX 


THE GAMMA 
PHOTOMICROGRAPHIC 
CAMERA 


with these exclusive features— 
4x5 REFLEX HOUSING 
35 mm ADAPTER 
SHUTTER SPEEDS UP TO 1 SEC. 
BUILT-ON LIGHT SOURCES 
BUILT-IN SHOCK ABSORBERS 
QUICK-CHANGER FOR LOW 
POWER 
SPACE REQUIRED ONLY 9 x 14” 


From $32000 


DELIVERY 
Also Available Are 


GAMMA “STANDARD” and 
“MICRO 35” CAMERAS 


OVER 400 GAMMA CAMERAS 
ARE NOW IN OPERATION! 


GAMMA INSTRUMENT COMPANY INC. 
P. 0. BOX 532 
GREAT NECK, L. I., N. Y. 
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Personnel Placement 


The Market Place 


CHARGES and REQUIREMENTS 
for “PERSONNEL PLACEMENT” Ads 


1. Rate: 15¢ per word, minimum charge $3.00 for each 
insertion. If desired, a “Box Number” will be supplied, 
so that replies can be directed to SCIENCE for immediate 
forwarding. Such service counts as 8 words (ex. a 25- 
word ad, plus a “Box Number”, equals 33 words). All 
ads will be set in regular, uniform style, without display; 
the first word, only, in bold face type. 

For display ads, using type larger or of a different 
style than the uniform settings, enclosed with separate 
border rules, the rate is $15.00 per inch; no extra charge 
for Numbers” 

2. Advance Saoiaean: All Personnel Placement ads, classi- 
fied or display, must be accompanied by correct remittance, 
made payable to SCIENCE. Insertion can not be made 
until payment is received. 

3. Closing Date: Advertisements must be received by 
SCIENCE, 1515 Mass. Ave., , Washington 5, D. C., 

together with advance remittance, positively not later than 
14 days preceding date of publication (Friday of every week). 


POSITIONS WANTED 


Agricultural and Forestry specialist: D.Sc.Agr., twelve years’ ex- 
perience in tobacco growing and forest management, design of ex- 
periments and other scientific research; considerable teaching 
experience; for further information, please write Burneice Larson, 
Medical Bureau, Palmolive Building, Chicago. x 


Chemist: Ph.D., M.Sc., desires position in fundamental research. 
Interests: Reaction mechanisms, kinetics, photochemistry, catalysis, 
vacuum-technique operations. May consider teaching eee 
chemistry. Coastal locations preferred. Box 3, SCIENCE. X 


Physician: Age 30; several years clinical investigation in cardio- 
vascular disease; eligible Amer. Bd. Medicine. Publications. 
Desire position doing research, teaching, practice in heart disease. 
Box 1, SCIENCE. 1/13 


CHARGES and REQUIREMENTS 
for “MARKET PLACE” Ads ~ 


1, Rate: 20¢ per word for classified ads, minimum 
$5.00 for each insertion. Such are set in uniform sty 
without display; the first word, only, in bold face type. 
For display ads, using type larger or of a different style 
than the uniform classified settings, and entirely enclosed 
with separate rules, rates are as follows: 

Single insertion $16.00 per inch 


7 times in 1 year 14.50 per in 
13 times in 1 year 13.00 per inch 
26 times in 1 year 11.50 per inch 
52 times in 1 year 10.00 per inch 


2. Payment: For all classified ads, payment_in advance is 
required, before insertion can be made. Such advance 
remittances should be made, "payable. to SCIENCE, and 
forwarded with advertising “copy” instructions. 

For display advertisers, monthly invoices will be sent on 
a charge basis—pr ig satisfactory credit is 
established. 

3. Closing Date: Classified advertisements must be received 
by 1515 Massachusetts Avenue, N.W., Wash- 
ington 5, D. C., together with advance remittance, positively 
not later than 14 days preceding date of publication (Friday 
of every week). 

For proof service on display ads complete “‘ 7 (a 

tions must reach the publication offices of SCIE ick, sass 
Massachusetts Avenue, N.W., Washington 5, D. Cc. not 
later than 4 weeks preceding date of publication. 


BOOKS 


Send us your Lists of tt 
SCIENTIFIC BOOKS AND PERIODICALS 
which you have for i 
Complete libraries; sets and runs; and single titles are want 
Also please send us your want lists. 
STECHERT-HAFNER, INC., 31 East 10th Street, New York 3. 


AVOID DELAY... . Cash in Advance payment 
MUST be enclosed with ALL classified ads. 
(See “Charges and Requirements”) 


POSITIONS OPEN 


Pharmaceutical Chemist: Research position in progressive West 
Coast industrial laboratory. Must possess ability for new product 
development and knowledge of manufacturing procedures for pilot 


scale operation. M.S. or Ph.D. fill consider B.S. with experi- 
ence. Salary commensurate with qualifications. Box 4, SCI- 
ENCE. 1/20 


Positions Open: 

(a) Pharmacologist experienced in toxicology and animal surgery; 
candidate from New York-New Jersey area ——- (b n- 
structor or assistant professor in botany and, also, instructor in 
general zoology; young men’s college, South; immediately. (c) 
Bacteriologist capable of assuming chairmanship of department of 
bacteriology and general pathology; need not report until July 
first or shortly thereafter; university medical school. (d) Bio- 
chemist; D.; research program involving isolation and charac- 
terization of chemicals and pharmaceuticals from natural sources; 
preferably someone qualified to assume complete responsibility for 
program. (e) hysician to serve as research director, large 
pharmaceutical company; duties include directing health program 
tor employees; East. (f) Bacteriologist qualified in immunology, 
preferably Ph.D. experienced in control of biologicals, antibiotics 
and germicides desirable; administrative ability required; one of 
leading pharmaceutical industries. S1-2 Burneice Larson, Medical 
Bureau, Palmolive Building, Chicago. x 


Writer: Psychological, psychiatric, or mental health background. 
Must be experienced writer, for both professional and lay audience. 
Need not be M.D. Location Southwest. Give complete details, 
samples, photograph, and salary expected. Box 2, SCIENCE. 1/13 


WANTED TO PURCHASE: 
Sets and runs, forei 
SCIENTIFIC BOOKS 
Entire libraries and smaller collections 
WALTER J. JOHNSON 
125 East 23rd Street, New York 10, N. Y. 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are willing to sell 
at high market prices. J. S. CANNER AND COMPANY, 909 
Boyston Street, Boston 15, Massachusetts. tf 


FOR SALE—Science (unbound) Volumes 18 to 30 inclusive 
(lacking vol. 22) and volumes 43 to 110 (to date). Peter 
Okkelberg, University of Michigan, Ann Arbor, Michigan. p< 


Which A.A.A.S. SYMPOSIA volume interests YOU? 
A few volumes are still available. . . . Order yours 
NOW—see opposite page 


Do you have your new Science 
BINDERS for your 1950 issues? 


Order yours NOW—see page 16, 
January 6th issue. 


See “Charges & Requirements” 


YOUR AD HERE WILL PRODUCE 
Plan NOW for MORE SALES in 1950... 


above, or write for Rate Card No. 


RESULTS 
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The Market Place 


SUPPLIES AND EQUIPMENT 


AA_A.S. SYMPOSIA 


(74 x 10}, double column, illustrated, clothbound) 


for 
@ MICROSCOPES 
@ MICROTOMES 
@ REFRACTOMETERS 
Equipment for Photomicrography 
Write to 


ERIC SOBOTKA CO. © 102 Srest 


DOUGHERTY CHEMICALS 


87-34 134th Street 
Hill 18, N. CYTOSIN E 


c! 
hone: Jamaica 3-188 


TRANSPARENT BOXES 


Five Sizes: Maximum protection and 
visibility for samples, specimens, small 
parts and other objects easily lost. 


Write for Leaflet TR-S 
R. P, CARGILLE 
116 Liberty St., New York 6, N. Y. 


© HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
808 E. 58th St. 


HORMONE ASSAY LABORATORIES, Inc. @ Chicazo 37, Ill. 


All Amino Acids (natural, synthetic, unnatural), 
Rare Sugars, Biochemical Products, Reagents, New Pharma- 
ceuticals in stock. Write or phone PLaza 7-8171 for complete 
price list. 


BIOS LABORATORIES, INC. 17. Wet Strect, 


QUARTZWARE 


for laboratory and industry 
A complete line of standard laboratory ware. 
custom fabricating to meet your requirements. 
Write for 


THE PANRAY CORP. 
340 Canal Street, New York 13, N. Y. 


GLYCOCYAMINE—Hydroxyproline, L-Methionine 
@ AMINO ACIDS e BIOCHEMICALS 
@ PRE-MIXED MICROBIOLOGICAL ASSAY MEDIA 
H. M. CHEMICAL COMPANY, LTD. 


144 North Hayworth Avenue Los Angeles 36, California 


animals) MICE POULTRY GUINEA PIGS 
Guaranteed suitable for your peels: | ¢. LANDIS Hagerstown, Md. 


Reasonably priced—Dependable service 


Twenty of the Symposium Volumes published by the 
A.A.A.S. have been exhausted. Some unbound copies are 
available, e.g., The Gonococcus and Gonococcal Infection, 
32 papers, 171 pages, $1.25. The eight titles remaining in 
print are shown below with prices: (a) indicates cash prices 
to members, (b) prices to nonmembers and institutions. 


(HUMAN MALARIA, 44 papers on history, parasitology, 
anopheline vectors, epidemiology, symptomatology, pathol- 
ogy and immunity, treatment, control and eradication; 
reprinted. 406 pp. (a) $4.00, (b) $5.00. 


OCOLIEBIG and AFTER LIEBIG—A Century of Progress in 
Agricultural Chemistry. 10 papers make available in con- 
venient form the history of one of the most significant de- 
velopments in agricultural science. 119 pp. (a) $2.50, 
(b) $3.00. 


( AEROBIOLOGY, 8 papers on extramural aerobiology contain 
material of interest to botanists, zoologists, agriculturalists, 
and the general public. 29 papers on intramural aerobiol- 
ogy deal with air-borne infections. 299 pp. (a) $3.50, 
(b) $4.00. 


(J RELAPSING FEVER in the AMERICAS, 20 papers on 
symptomatology, diagnosis, etiology, epidemiology, pathol- 
ogy and immunity, tick vectors, treatment, and public 
health aspects. 136 pp. (a) $2.50, (b) $3.00. 


(0 DENTAL CARIES and FLUORINE, 11 papers report on 
investigations in the British Isles, India, South Africa and 
the U.S.A. 111 pp. (a) $3.00, (b) $3.50. 


(0 APPROACHES to TUMOR CHEMOTHERAPY, 41 papers. 
A progress report, addressed largely to future workers. 412 
pp. (a) $6.50, (b) $7.75. 


(1 RICKETTSIAL DISEASES of MAN, 27 papers record the 
control of Rickettsial diseases during World War II and 
reveal the scientific foundation on which the adopted meth- 
ods rest. 255 pp. (a) $5.25, (b) $6.25. 


LIMNOLOGICAL ASPECTS of WATER SUPPLY and 
WASTE DISPOSAL (6x9), 8 papers sample the border 
area within the scope of interests common to the engineer, 
the limnologist, and the oceanographer. 93 pp. (a) $2.75, 
(b) $3.25. 


A.A.A.S. PUBLICATIONS 
1515 Massachusetts Ave., N.W. 
Washington 5, D. C. 


Please accept my order for the volumes checked above. 
My check in the amount of $.............. is enclosed. 
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Dept. 


LaMOTTE BLOCK COMPARATOR 


comparator is non-corrodible, moisture-resistant, and has 
more sharply defined color fields. 

Complete with any one set of LaMotte Permanent Color 
Standards, together with a supply of the corresponding 
indicator solution, measuring pipette and marked test tubes. 


LaMOTTE WATER SOLUBLE pH INDICATORS 
(Sulfon-phthalein series) pH 0.2—9.6 


These products were originally developed in the LaMotte 
laboratories and are of the same superior quality as the 
acid form indicators hitherto available for pH work. 

They have the distinct advantage_of being- instantly: solu- 
ble in distilled water, hence are-easy to- convert to solution 
form. Use of alkali, as required in the older technic, is 
eliminated, and no heating is necessary. 

The clean quick way to prepare indicator solutions for 
accurate pH work. 


LaMotte Chemical Products Company 


This improved LaMotte 
Unit greatly facilitates 
simple, accurate, Hydrogen 
Ion Control. It is espe- 
cially recommended for the 
use of individual operators 
on any step of a process 
where a definite pH value 
must be maintained. Even 
with highly colored or 
turbid solutions determina- 
tions can easily be made 
with accuracy. 

The new plastic block 


“SCIENCE: 


our most profitable 
advertising medium” 


“Science is consistently our most 
profitable advertising medium. 
Business secured solely thru Sci- 
ence ads has been the backbone 
of our success in this field.” 


SCIENTIFIC COMPANY 
Name on Request 


IT CAN BE YOURS ALSO, because .. . 
the more than 33,000 scientists who subscribe 
to SCIENCE are an influencing factor in de- 
termining just what equipment and supplies will 
be purchased for the educational institutions, 
research foundations and industrial laboratories 
in the United States and 76 foreign countries. 
Your advertisement in these columns reaches a 
distinguished, an influential, and a responsive 
audience—at reasonable cost. 


Plan NOW for MORE SALES in 1950 


Write for Rate Card 26C TODAY... 
let SCIENCE PRODUCE FOR YOU. 
Towson 4, Md. 


This symposium volume is a comprehensive survey of the general field of Rickettsial 
diseases in man. Among the contributors appear the names of many of the foremost 
American authorities on this important and relatively new field of medicine. 


The first group of papers includes discussions of the taxonomy, biology, isolation, and 
identification of vectors, and reservoirs of infection of the Rickettsial diseases of man. 
The second group of papers is devoted to discussions of serological reactions, the Weil- 
Felix reaction, the complement-fixation and agglutination reactions, and the preparation 
and standardization of Rickettsial vaccines. The final group of papers treats of 
insecticides, methods of their application, and mite controls. 


Many of the 27 contributors to this volume during World War II were on the battle 
fronts in Afriea, Italy, France and Germany, protecting our troops and the local popu- 
lations wherever Rickettsial diseases prevailed. Rarely, if ever, have the authors of a 
medical book had so wide and so successful practical experience in the very subjects on 
which they have written. 


ORDER 
YOUR 
COPY 


NOW 


To: A.A.A.S. Publications 
1515 Massachusetts Avenue, N.W., Washington 5, D. C. 


Please accept my order for one copy of The Rickettsial Diseases of Man (73 x 103, 


cloth bound). My check in correct payment is enclosed ($5.25 to A.A.A.S. members, $6.25 
to those who are not members; including postage.) 


Name 
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monitoring 
\ radioisotopes and x-rays 


for geological and 
industrial surveys 


WITH the scope and intensity of nuclear probe snaps into the handle for ease in carry- 

research increasing almost daily, the ing, and all switches are arranged so they may 
importance of reliable survey instruments be- be operated by the same hand that is carrying 
comes more apparent than ever before. Only the weight of the instrument. Both earphones 
by the use of modern equipment, used regularly and an easy-to-read meter are provided, and 
in every laboratory, can the health hazard be metal loops permit the use of a shoulder strap 


kept at a minimum. if desired. Each instrument is supplied with a 
NUCLEAR’S new Model 2610A incorporates Calibration standard. 
the most modern design throughout to make Other NUCLEAR monitoring Instruments 


it completely up-to-date. Operated by the include Model 2111 Portable Alpha Survey 
proven basic circuit used in the previous Model Meter, Model 3340 Pocket Chambers, Model 
2610, it now embodies lighter weight and 2050 Charger-Reader, and Model 2300 light 
watertight construction. The smaller, lighter weight audio-monitoring survey instrument. 


When you order radioactivity monitoring equipment, specify NUCLEAR. 


SEND FOR THIS NEW, COMPLETE CATALOG! 

Complete information on all instruments, including applications, 
specifications, features, dimensions, etc. Also details on NUCLEAR'S 
special services and products. No organization engaged in nucleonics 
should be without this complete catalog. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 
223-233 West Erie Street * Chicago 10, Illinois Cable Address: “Nuclear” 


_ @ Scaling Units for Every Type of Rediation Counting @ Glass Wall, Mica Window, and Windowless Counters. 


_ @ Complete “Packaged” Counting Systems @ Portable Count Rate Meters é . 
| _-@ Health Monitoring Instruments for Personnel Protection @ Complete Line of Accessories for the? 


nuclear “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 
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luelear Laboratory 


NEW spencer Equipment 


for ULTRA-THIN SECTIONING TECHNIQUE 


Sections of biological tissue thin enough for electron es 
microscopy! Drs. Pease and Baker have shown a way— CAT. NO. 829 
cutting ultra-thin sections consistently with a specially 

adapted Spencer No. 820 Rotary Microtome. No. 821 THIN nL lee 


Their method of doubly embedding tissue in celloidin TECHNIQUE too precie 


and paraffin, and of cutting and handling the section, is ho counts ae ae 


described in detail in the April 1948 issue of Proceedings @ gpg 
of the Society of Experimental Biology and Medicine. pRB No. 820 ROTARY 
MICROTOME converts this 


" - ; microtome for thin section- 
Today, due to widespread demand, Spencer equipment 


for ultra-thin sectioning is being made available. when not needed. 


For further details write Dept. A2. 


American @ Optical 


COMPANY 


Instrument Division 
Buffalo 15, New York 


Mathers of Optical Instruments for Over 100 QYoars 
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